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PREFACE. 


Tlie  rapid  growth  of  electrical  science,  and  the  almost 

daily  addition  to  it  of  new  words,  termB  acd  phrases, 

eotued,  as  they  too  frequently  are,  in  ignorance  of  those 

already  existing,   have  led  to   the   production  of  an 

electrical  vocabulary  that  is  already  bewildering  in  it* 

^^■'Sxtetit.     This  multiplicity  of  words  is  extremely  dis- 

^^Hconraging  to  the  titudent,  and  acta  as  a  serious  obstacle 

^^Bto  K  general  dissemination  of  electrical  knowledge,  for 

^^BUie  following  reasons: 

^^H     1.     Because,  in  general,  these  new  terms  are  not  to  be 
^^Blfoand  even  in  the  unabridged  editions  of  dictionaries. 
^^^     'i.     The  books  or  magazines,  in  which  they  were  first 
proposed,  are  either  inaccessible  to  the  ordinary  reader, 
or,  if  accessible,  are  often  written  in  phraseology  unin- 
telligible except  to  the  exi>ert. 

3.  The  same  terms  are  used  by  different  writers  in 
conflicting  senses. 

4.  The  same  terms  are  need  with  entirely  different 
meanings. 

5.  Nearly  all  the  explanations  in  the  technical  dic- 
tionaries are  extremely  brief  as  regards  the  words,  terms 

I  and  phrases  of  the  rapidly  growing  and  comparatively 
I^Bev  science  of  electricity. 

In  this  era  of  extended  newspaper  and  periodical  pub- 
Beatlon,  new  words  are  often  coined,  although  others. 


already  in  exiateQco,  are  far  better  suited  to  express  the 
same  ideas.  Tlie  new  terms  are  used  lor  n  while  and 
thenabandouod;  or,  if  retained,  having  been  imperfectly 
defined,  their  exact  meaning  is  capable  of  no  little 
ambignity ;  and,  subsequently,  tliey  are  often  unfortun- 
ately adopted  by  different  writers  with  such  varying 
shades  of  meaning,  that  it  is  difficult  to  understand 
their  true  and  exact  significance. 

Then  again,  old  terms  buried  away  many  decades  ago 
and  long  since  forgotten,  are  dug  up  and  presented  in 
such  new  garb  that  their  creators  would  moat  certainly 
fail  to  recognize  them. 

It  has  been  with  a  hope  of  removing  these  difficulties 
to  some  estent  that  the  author  has  ventured  to  present  ■ 
this  Dictionary  of  Electrical  Words,  Terms  and  Phrases 
to  his  brother  electricians  and  the  public  generally. 

He  trusts  that  this  dictionary  will  be  of  use  to 
electricians,  not  only  by  showing  the  wonderful  extent 
and  richness  of  the  vocabulary  of  the  science,  but  also 
bygiTing  the  general  consensus  of  opinion  as  to 
niflcance  of  its  different  words,  terms  or  phrases.  It  is, 
however,  to  the  general  public,  to  whom  it  Is  not  only 
a  matter  of  interest  but  also  one  of  necessity  to  fnlly 
understand  the  osact  meaning  of  electrical  literature, 
that  the  author  believes  the  book  will  be  of  greatest 
value. 

In  order  to  leave  no  doubt  concerning  the  precise 
meaning  of  the  words,  terras  and  phrases  thus  defined, 
the  following  plan  has  been  adopted  of  giving, 

(1)  A  concise  definition  of  the  word,  term  or  phrase. 


f  (3)  A  brief  stfitement  of  tbu  priuciplet  of  the  science 

Evolved  in  the  definition. 

(3)  Wliorf  possible  and  advisable,  a  cut  of  the  appar- 

described    or  emjiloycd  in  connection    with   the 

[Ord,  term  or  phrase  defined. 

~t  will  be  noticed  tliat  the  second  item  of  the  plan 

nkes  the  Dictionary  approach   to  BOme  extent   the 

^tare  of  an  Encyclopedia.     It  differe.  however,  from 

1  eucyclopedia  in  its  Bcope,  ub  well  as  in  the  fact  that 

e  definitions  iu  all  cases  am  concise. 

'  CoBBiderablelabor  baa  been  expended  in  the  collection 

e  vocabulary,  for  which  purpose  electrical  literature 

lerally  has  been  explored.     In  the  alphabetical  ar- 

'  ningement  of  the  terms  and  phrases  defined,  much  jier- 

|ilciity  Las  arisen  as  to  the  proper  catch-word  under 

11  hich  to  place  them.     It  ia  believed  that  part  of  tiio 

^4ifliculty  in  this  respect  lias  been  avoided  by  the  free 

t  of  cross-references. 

I  elucidating  the  exact  meaning  of  terms  by  a  brief 

Ht^tDenl  of  the  principles  of  the  science  involved  thc'e- 

f  the  author  has  freely  referred  to  standard  text  books 

ndootricity,  and  to  periodical  litei-ature  generally.   He 

cinlly  indebted  to  works  or  treatises  by  the  fol- 

authors,  viz.:    S.  P.  Thompson,   Lardeu.  C'um- 

ig,Hering,Frescott,Ayrton,Ayrton and  Perry,  Pope, 

iokwood.   Sir  Wm.  Thomson,  Fleming,  Martin  and 

,  Prooco,  Preoce  and  Sivewright,  Forbes,  Mas- 

31,  l)e  Wntteville,  J.  T.  Sprague,  CuUey,  Maaeart  and 

Ifibert,  Schwcndler,  Fontaine,  Noad,  Smee,  Depntz, 

,  Harris,  Franklin,  Cavallo,  Grove,  Hore. 

,  t'^raday  and  very  many  otbert,. 


The  author  offers  hie  Dictionary  lo  his  fellow  ( 
tricitiDS  as  a  starting  point  ouly.  He  does  not  doubt 
that  his  book  will  be  fonnd  tocootain  many  inaccuraciei^ 
ambiguotie  statements,  and  possibly  doubtful  definitions 
Pioneer  work  of  this  clianu-'ter  mnst,  almost  of  necea 
sity,  bo  marked  by  incompleteness.  He,  therefore,  in- 
vitee the  friendly  criticismB  of  electricians  generally,- 
as  to  errors  of  omission  and  commission,  hoping  in 
this  way  to  be  able  finally  to  crystallize  a  complete 
vocabulary  of  electrical  worde,  terms  and  phrases. 

The  author  desires  iu  conclusion  to  acknowledge  hi« 
iudebtednese  to  hh  friends,  Mr,  Carl  Heriiig,  Mr. 
Joseph  Wetzler  and  Mr.  T,  €.  Martin  for  critical  ex- 
amination of  hia  proof  sheets ;  to  Dr.  G.  G.  Fanght  for 
examination  of  the  proofs  of  the  parts  relating  to  the 
medical  applications  of  electricity,  and  to  Mr.  '  ~ 
Stump  for  valuable  aid  in  the  illustration  of  the  book; 
also  to  Mr.  Geo.  D.  Fowie,  Engineer  of  Signala  of  the 
Pennsylvania  Railroad  Company,  for  information  con- 
cerning their  Syatom  of  Block  Signaling,  and  to  manyr 
others. 

Central  High  School,  Edwin  J.  Houston. 

Philadelphia,  Pa. 

SepUmber,  18S9. 
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AbM!lHS«,  \%U  of 0,1.'  t.F  the  (ici-s  o/  cuoriii- 

•t  ased  (or  itpI'Tmiiiinj?  tho  poNiliun  of  poitits  in  b.  curved 


s1>  l.iiud 


a  lUe  poeiliuu  of  (li?  i>oml  D.  Fig.  B 

ml  Ini.'  O  D  n.  is  ilislfr- 
d  \ty  thf  vevlii^nl  itistani 

if  HIICll  |Mllllt    ri-tiiii    {\ 

,U,  ami  AC.  lulltKl  tl..' 

AC,  .H  t'llllGtl  Uic 

,1  AB,  tlip  oj-w  o/  iir<(/Hrt^ 
t  point   wlifiv   lliu  liriiw  II 
■w-cl  Hit  Btmiing:  or  cngiiwi 
lilojKri'nl  n/ur^in,  [Si-i' ('. 
rfUIV.— {'i>iiip)pte  in  iUu'ir. 

«  oltHiiliili- mill  ntlative  are   ii»ei]  i 
nsftiani-ilinarll.V- 
I.  n  eulvitiiiinivli^r  IS  auiil 


-lu. 


icily 


liu  oalibruti.ll  ahmiluitl)/ 
'HUiiwI  l<>  |iriiiliifi-givfii 
II  kiiixrii ;  or,  in  ntlivr  wunls  wlipii  Uip  abntilulf 
lyllis  are  knowti :  it  is  Buid  to  be  fulibrul^l  rf/u- 
niilv  thi"  rrlitliiii  current  stren^hs  vequireilto 
nii-fl^lionsai-kiioivii, 


2  A  DICTIONARY  OF  ELECTRICAL 

Tho  word  abBolute,  as  applied  to  the  units  employed  in  elec- 
trical moasurementH,  wiih  introduced  by  Gausn  to  indicate 
tho  fa^^t  that  the  values  of  such  units  arc  independent  both 
of  tho  sizo  of  the  instrument  employed  and  of  the  value  of 
j^ravily  at  tho  iKiHicular  place  whore  the  instrument  is  used. 

Tho  abiii}lute  units  of  length,  mass,  and  time  are  more  prop- 
erly cullod  tho  C.  Q.  S.  units,  or  the  centimetre-gramme- 
second  units. 

An  absolute  system  of  units  based  on  the  milligramme, 
millimetre,  and  second,  was  proposed  by  Weber,  and  was 
iuillod  tiio  millimetre-milligramme-second  units.  It  has  been 
replaced  by  the  C.  G.  S.  units. 

Abiolutc  Calibration. — (See  Calibration,  Absolute,, 

AbHoiutc  Galvanometer. — (See  Galvanometer,  Abso- 
lute.) 

AbAolute  Unitii. — A  torm  sometimes  used  to  indicate  tho 
C.  G.  S.  units,  but  now  generally  r«»placed  by  the  term  centi- 
metre-gramme-second  units,  or,  more  briefly,  the  C  G.  S. 
units. 

Absolute  Unit  of  Current. — A  current  of  ten  amperes. 
(See  AiHjH^re.     Units,  Practical,) 

Absolute  Unit  of  Kleetromotive  Foree.— The  one 
hundred  millionth  of  a  volt.     (Soo  Volt.     Units,  Practical.) 

Absolute  Unit  of  Resistanee. — Tho  one  thousand 
millionth  of  an  ohm.     (Soo  O/im.     Units,  Practical.) 

Absolute  Vneuum.— (Soo  Vacuum,  Absolute). 

Absorption,  Gleet  He Tho  apparent  soakinj**  of 

an  oloclric  charge  into  tho  gliuss  or  other  solid  dielectric  of  a 
Lo^'don  Jar  or  Condensir.    (Soo  Charge,     Condenser.) 

Tho  capivcity  t)f  a  condenser,  or  its  ability  to  hold  an  oloc- 
lric cluirgo,  varies  with  tho  time  tho  condons<M'  'remains 
charged.  Some  of  the  charge  acts  as  if  it  .soaked  into  tlie 
solid  dielectric,  and  this  Is  the  cause  of  tho  residual  charge. 
(See  Cliarge,  Residual.)    Therefore,  when  the  condenser  is 


ar1t:irj::<Hl.  l«wi>kHruTi1.yrip)ieaii's  thiiii  wiui  piissi-il  in;  Ih'IHmj 
C  tenii  tlectriv  odmirptiori. 

AlMarpt'*^^  Pfnir«r,— Tin-  iiroiHrly  iHWfswpil  hy  ni;iri.V 
"i«  .>(  tiikiiiif  III  anil  ciinitptising  j.*risi.'!t  willjiii  llii'ir 

1  pfivH-wuHt  ni.irki-d  iibsoi-plivc  pi>wi>rs.    Thi.'  iilitn)i'|)- 
I  or  ^siMv  in  lliiH  nmnniT  Uy  koIjiI  tmdiis  h  knuwn  tLi'lini- 
f  as  Oi*  vrclution  of  (/ii»eii.     (Si'p  OeelHilon  iif  (liisfn.) 
hiR  volume  of  cUtti'L-otil,  al  onlinury  lenipi^i'iiliiii's  uml  pi'es- 
t,  utmttbs  at 

JM)    Viihlmes 


\:..-_,-.,  :- 

Xi 

fl5 

M 

40 

trasen 1.35 

(SuEusiire,) 
^ccvlrrnllon,— Tl)»  ruto  of  rhani^c  i>f  velocity. 

oelenitinit  in  tliiin  UistinKiiiiihcil  TrDm  velocity  :   velix'Jty 

nia  limt-  llin  rftI«M>r-cliiiii!ii!  cf  iHKiition,  as  a  veloul> 

f  mntrcs  prii-  Ht>i:onil ;   ani'liM'iiliDn  cxprcsM^  in  Liiiip 

of-dungi'  ■>[  velocity,  n-i  an  acoeli> ration  of  one  centi- 

vpn-Hwcnml. 

t  aH  muttfi'  \!i  inri't,  »nil  cunnot  cimnge  ila  contlitiun 

r  niodoii  witliiiut.  Die  upplici^tiDn  of  sonic  furcc,  jic- 

a  iR  ucci'vuirUy  due  tu  itiinie  furi'e  oulndo  ut  niiillor 

Hf,     A  forri-  nmy  Ihcrcturc  bo  niPiutiiri!il  by  the  lu■c^■Jon^- 

n  'I  f;ivi>n  iii»8n  ot  matter. 

It  t"nni-(l  potiUi'e  wliun  tlit.'  VPlocHy  k  in- 
nnjiilirr  wlif  n  it  W  (frrrriwing. 

-  -Tlii.tiM.-iO..Tiil,i>n  wbicli 


A  DICnOM  ABT  OT  SLBCimiCtfi 


harlow*H  Wheel,  when  used  in  this  niMiBMvis  knofwa  m 
ThoHitutHH  Elecirie  Current  AecummJUUar. 

44*«*umiilalor,  Wai er*Dr •pplag- 

liiliiH  «|i*viH4*(l  by  Hit  W.  Thonuon  for  ii 
^A  |MifiMiliul  uf  mi  electric  clian$e. 

The  tube  X  T,  Fig.  8,  coaaeols  willi  » 

rew*rvoir  of  water  which  is  mamteiaed  at 

the  asiiru  {lotcntiul  of  the  earth.    The  mtar 

•H(ii|N*H  from  tlie  openings  at  C  aad  Din 

Hiiiall  droiw  and  fallfi  on  funnels  providedp 

A        t      »H  Hbown,  to  receive  the  separate  drops 

^    X^IaIa'"'"'  Jip^i"  <H.s<*har^  them. 


1 


•\  * 


*V\\%*  vi'hsi*Ih  a,  A',  and  B,  B',  which  ore 

hit!  .1.  cliM'trirully  coniuM'tiHl  iik  shown,  are  main- 

liiiiinl  III  II  ri'i'tiiiii  Hiiiiill  «liirrn>iic(?  of  potential,  a»  indicated 
by  Um' t'<'M|M'f'livc  {  tiiid      .si^us. 

ihiib'r  Hii'Kc  fii'i-tiniHtaiK'CH,  tht'ivfoiv,  C  and  D,  will  be 
>hiiir,<*d  liidiif'tivi'ly  with  charp'H  «)p|)OKitc  to  those  of  A  and 
M,  >M'  wMb  liiid  I  flfMtriciti«*H  ivH|Mvtively.  As  tlie  drops 
III  wiiliT  fall  nil  Dm*  riiiin«*lH,  the  charges  which  the  funnels 
thiiit  iiMirdiiiilly  riMi'lve,  all)  ^iven  up  to  D'  and  A',  before 
I  In*  wiili'i'  iMM'iipfrt.  Siiico,  thei'«>fon*,  B,  B',  and  A,  A',  are 
I'i'i  i'ivtiiK  t'i'tiMliiiil  chiU'^i'H,  th*^  tlilTerent*e  of  i)otent'ial  between 
Ihi'Mi  mmimI.  loiiliiiiiiilly  in(*n*aH«'.  This  appanitiis  o[)crate8 
nil  tlii*  MiiiiM*  priiH'ipli'  iiM  the  repleniHher.  Tiie  dro{iHof  water 
iii'l  im  Ihe  lai  rii'iH,  and  A,  A',  ami  H,  IV,  as  the  hollow  vessels. 
(S«*e  Ui'ph'uiHhfi',) 

4««4«uiiiiilHl4>rN  or  4*andeiiMorfi ;  I^hwh  of  Aeeu- 
inillHllwii  uT  l2l4M'lrU«ll}'.— Hir  W.  Snow  Hariis,  by  the 
use  of  liiH  Unit  Jar,  and  hUvvtriv.  Thvrmnmvirr,  deducetl  the 
rtdlnwiii^  hiWH  fni*  the  iiceiiiiMihitinn  of  ehM'trieity,  which  we 
qiiole  frniii  NoimI'h  ••HtiideiitV  Ti'Xt-linok  nf  Kleetricity,"  I'e- 
vi.sed  hy  l*re«'e<' : 

(1)  *' l*3<|iial  (piantitieH  of  ehM'triciiy  an*  ^i^en  off  at  each 
revoiutiuu  of  the  plate  of  an  electrical  nuu^hine  to  an  un- 
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charged  sttrfcux,  or  to  n  surtdce  ohaxged  to  any  degree  of 

!l  "  A  <x>»(ecl  Bill-race  receives  equal  quBatiti«s  g[  eleotrioily 
H  nquftl  tini^s ;  and  the  number  at  t-evoluliona  of  the  plate  is 
Vi)|  fair  ni«asiire  of  tlii:  relative  qii»iitities  of  electricity,  all 
liter  things  reiutiiniiiK  tlie  same.'' 

"The  frre  Ai:IJon  of  an  electrical  M-'ciunulutiun  is  esM- 
stMt  by  the  Ink-rval  it  cjmi  break  through,  ami  is  directly 
ropnrtional  tu  the  quantity  uf  eli'ctricity." 
^(4)  "The  free  action  is  inveisely  proportional  to  ttie  gur- 

"  When  th«  t-'lectricity  and  Hit.' surface  are  iiicreoHetl  in 
Miw  ratio,  the  discharging  interval  remuin.s  the  sitiiie ; 

A  iff  aa  llie  electricity  is  increusi'tl.  tin;  iturfacv;  us  diminished, 

p  dtadiarging  inli^rval  is  directly  an  the  square  of  thit  quun- 

jr  «f  ^leclrkiiy." 

"Tlte  resistance  ut  air  to  discharge  is  us  tile  stjuare  u( 

1^  dMIsity  directly." 

Mtng   l«   some   later    investigations,  tlii>   quantity   a 
•  mirfiMM  ciiii  re<;eive  under  ii  given  density  depends  on 

b  tliKuH*  boundary  of  tha  surface  as  well  u»  on  the  area  ot 


F'11t«  amount  ot  dectrical  chiw^p!  depends  on  surface  and 

tat  extension   conjointly.     Thei-e   exists    in   every   plane 

btsoe  Mliat  may  Iir  termed  an  dccfrtcul  boHndiiry,  having 

I  relation  to  the  grouping  or  dlspuHition  of  the 

c  pnrlieles  in  regard  ti>  ettch  otiier  and  to  surrounding 

Btter.    This  Ituundary  in  circles  or  giolies  is  refU'esenli'd  hy 

inferences.    In  plane  rectangular  siirfncm,  tt  is  hy 

tr  liBsar  extension  or  {Hii'inieter,     If  this  boundary  he  con- 

t,  their  elei^ti'ical  charge  varies  wilh  Iho  aqmire  root  of 

Htur/lRX.     If  the  «ur/(fcir  beconsliint  Ihechnrge  varies  with 

p  tqtmre  root  of  tlir  biiHad'ir]/.    It  the  HurfMe  and  hijun- 

ybtiUi  vary,  the  charge  varies  with  the  miaart  i-oiit  of  the 

rfacc  muttiplird  into  th<-  wjimro  rvot  «/  the  (miiHidirjf." 


These  taws  appl;  eapecUly  to  cxntinw: 
a  wliulf.  anil  not  to  ■urfac«s  divided  into  m 

By  olwirii.'al  trluu^  HMTts  mekat  tbe  qaanUtr  aMtateed 
on  a  givfn  MurTot-e  usdcr  »  given  dectriMneter  indioalion ;  bj 
eleilrical  intensrt.v,  lie  meant  tlw  indicatfoB  of  the  deotro- 
nieit-r  iiiriiiipotidintr  to  n  given  quaotH;  on  a  givea  sorlMe. 

For  turtlivr  informalioD  se«  Condenaen,  C^iaeltfof. 

A.  <'.  C. — An  iibbrevjation  umA  in  medical  elecl-ricily  for 
Anodic  Cltwire  Contraetiom,  or  the  conlraction  ofcanred  on 
cl'HinK  Iho  drcuit  when  llio  anode  m  lying  over  the  miade. 

Tli>'  ttTiM  anode  in  Honietinics,  aa  above,  uaed  to  indicate  tbe 
]KK(ilJvuternitDa1otaQ  clet.'tric  battery  or  source.  (See^Mode.) 

Achromatic. — Free  rroin  Talfic  Lvloralion. 

lni;it^»4  Tornietl  by  uiilmary  lenses  do  not  poHsew  tlie  true 
coliirH  (>[  tin;  iilij<<i.'1,  iinkiw  the  i-dgi'H  of  the  It'nncts  arc  cilt  off 
liy  lliv  ii'-c  (>r  a  tliuiilii'iiKni:  '-  ('■■  u"  niMUjnc  plate  with  a  ciruu- 
lar  tontral  ii|M;nrn^.  The  tilgcs  of  tlie  IcuHfs  dis)M.'rNc  tlie  light 
like  an  uriliiiurv  jirisii),  and  hu  )ii-0(1ik-c  ruinbow-colorL-d 
(|ii'isi»alK-)  Trhi^i-M  m  the  iiiiagv.  The  iiittiof  an  achromatic 
li-DH  is  ti)  iibviati'  this  falsi-  culonLtion. 

The  ray  «[  li;;bt  entering  the  (iriKm  A  It  C,  V\g.  4, 
siilTei's  diKjH'i-siiiii  (si'iNiralioii  into  iirismalie  eolontl.  Thin 
(liH]>ri'siun  in  the  muimo  inediiim  is  |)rojK>rtiiinu)  to  llie  anf;1e  g, 
iH-tweea   the  incident  and  emergent  faees,  (.'alknl  tlie  n-fruct- 

^  p  If,  now,  another  iirism  BUD,  of 

f  Hiknie  tnuturiul,  whose  retract- 
j  angle  (/■,  is  ei|iial  to  g.  is  toni- 
--^  biflod  with  the  llrst  prism  in  the 
iiier  showD  in  Fig.  4,  it  will 
prodiiec  an  etjiial  but  opposite  dis- 
pention,  so  that  the  ray  of  light 
1  emerge  at  R,  free  from  wiiti- 
bow  tinlN,  but  parallel  to  Ha  origi- 
nal dii-ection. 


Ftf.l,. 


wt  disjierTtion  of  lir;ljl'  uh  I 
a  gliiM.  Fig.  fl.  wl, 

Iny  au(;|p  y'.  «( the  pr 

,  uf  Hint  t'liisx,  liH  I 
■  ill  Ihn 


4  emrrye  jmivj 
fnol  dtro'fion ;    in    ollici'  " 

dii,  it  miri--r«  n.-fiiuauni  <ir  honditi);. 
!   constnurttnii  of  iicliruniUiliu  1 

Cl>l«. 


rn  glius*  is  fefniTiill.v  tniulo 
i  tUe  flint  k'uss,  wilh   one  ooikw 
Bsltuwn  ill  Kit,',  e. 
mrtiuiiw  bulli  Hiirfa'TK  uf  llir  ilinl ; 
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trill  i>i|iHitor  at  2   EL  long.,  and  at  170*  W.  long.    (Bee 
iittn  Map  or  Chart.) 

A«*<»iifitle  EngraTlng.^See  Engraving,  AeomaHc} 

AvnuutU*  Telegraph.— A  non-rcoordiog  system  of  tele- 
^;ni|ttii<-  roiiiiiiiiiiiiiitioii,  in  which  the  dots  and  dashes  of  the 
Mmsi*  Hystf'iii,  «ii'  th(*  dvneotiuiw  of  the  needle  in  the  needle 
hvkIi-iii,  iiri>  i'i>|)hu'(H]  by  tioiiiiils  that  follow  one  another  at  in- 
ifi-viil'f  thill  i'«*|)n*H<*iii  the  dots  and  dashes,  or  the  deflections 
ol  itii*  iH'iMllc,  1111(1  th«;n4>y  the  letters  of  the  alphabet. 

Hlfiiilii'il  tiihl  Hri^lit  esic'li  invented  acoustic  systems  of  teleg- 
ni|ili,v  111  wliii'h  I'll >rtro- magnetic  bells  are  used.  Morse  in- 
vt'iili'il  II  Suiniih'r,  for  IIiIh  piirpOKe,  which  is  used  very 
l^«'in'i'.ill,y.     (K«M»  Soufuh'r^  TvlegrajMc.) 

I'lif  ili'lailH  of  tb4!  ii|)|>aratiiK  and  system  see  Telegraphy, 
Ami'i'iran  nr  Moriw  HffHtrmnf, 

4<*llnl<;  l*li<»loin€'ler«— (S«M>  Photometcry  Actinic.) 
Ac'llllU?  Iftiiys*   -Tho  rays  of  liKbt,  or  other  forms  of  radi- 
Hill  <'iiirKy  Hiai  |m»sscsh  tin?  |M»w«'r  of  effei'ting  chemical  de- 
runi/uiHilitni.     (Him*  lh'vttm}Hmtion.) 

All  niy-iof  li>;lit,  and  rvcii  somi!  of  thost^  invisible  to  the 
hiiiiiiin  fyc,  nv*'  tirthiio  Iohoiim*  particular  fhemit*al  substance 
Of  iiiiothiM'.     WIii'IIht  tln'  «*th«'r  wav«»s  ]»n>«hiire  the  efre<;ts  of 
h<'at,  li^ht,  or  clK'niiral  <l(M'om|M>sition  (l('|M>n(ls  on  the  nature 
iif  tlw  mnlt-rhil  on  which  tlu'if  fall,  oh  well  as  on  the  character 

of  flu'.  ItUtVVH  Uu'inHt'llWH. 

A4*tllllNiil.  Tlii*  chcmiriil  I'ircrts  of  liKlit»  its  manifested  in 
tlif  (|iM'oiii|N)Hiti(Hi  i»f  vai'ioiiH  siihstan<'(>s. 

(JiidiT  tli«^  iiiMiHMice  of  tlif  siiirs  li^^ht,  tin*  carhonic  a<!id  ab- 
Horhi'd  hy  the  leaves  ot  plants  is  dtM'oiiiposiHl  in  tlu'  living  leaf 
into  rarhoii,  which  is  retained  hy  tin*  plant  for  the  formation 
of  its  woody  flhm  or  h;^n<H>iis  tissu«%  and  oxy;^en,  whicli  is 
thrown  off. 

Tho  hlrai!hhi>;  of  curtains,  <;ar|)ets,  and  other  fabrics  ex- 
f)osed  to  sunlijLTht  is  caused  hy  the,  lu'tinic.  iM)wer  of  the  light. 
The  photoy;raphic  picture  is  impressed  by  the  actinic  power  of 
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|ht  an  u   plut«  cuvertnl   with  some  seiiHitive  metallii^  silH, 
biermlly  sitvcr. 

<n.  I<ac»l Au  irrBffular  dissolvini,-  or  con- 

■tptiun  of  (Ik  xiiic  ur  (Hisitivii  elGtiiciil  ot  n  vatuiic  buttvry, 
'  e  aufil  «r  (-■Ivi^tnilyti',  when  the  circuit  U  open  or  bi'oken, 
I  diiseil,  or  in  I'cgului-  actnia. 
i  atiiuu  is  ilim  to  inipurilivs,  such  an  uivrbon,  iron,  ar- 
u  Uie  pasitivu  (>litli>.  These  itii|iurili<:s  Torni  with 
cloinuiil.  littlo  voHiiic  couples.  iLiiil  Uiiik  >lire<;l.  thu 
naive  uclion  of  tin.*  liquid  lo  jioiliouM  of  Uin  pla.lp  iieiir  the 
Kes.  liouil  iulion  ukusvs  u  waslu  of  energy.  It  may 
dnl  fay  lUimlganmLiun  of  Ibe  zinc  (See  Zinc-  AmtU- 
atim  of.) 

i»n,  l>a4'Hl A  term  )>ro|>oMil,  but  not  gnnei- 

ipleil,   1t>  iniJk'ulu  Ihe  wnsteriil  I'titreutii  in  Hie  pole 
r  I'orcs  III  Jyiiiiiiiu-eici.'tric  ni;u-hini's. 
currenLi  are  now  geitemlly  known  ns  Edii^,  Faucanlt, 
Kilicitl  CiirrenU.     (8co  CnrrentK,  Kildy,  Finivinit, 
IT  Varanilicul.) 
tArii«n,  nuciiv-CrjBlullif —(See  Magne-Crj/stal- 

\  Artvni.) 

^Aclion.  tJllIt  l»r — -A   liilv  ot  working,  w hie h  will 

■m  one  unitnr  work  |iiT  tM^eiincl. 

^  U.  H.  Ullit».  llie  uv^tivity  of  one  eig  |)er  sci^ouil.  Tliis 
1*  Very  timuJi.  One  Watt,  the  piiu'tieiil  iiiiil  of  |>uwer.  ia 
il  to  ten  million  erffs  per  tdHXiml.     (Sm  Wiill.) 

It  of  iMjtjvity  gcni'i'iilly  used  foe  iitoelianieal  jiower  is 
l-power.  ur  746  wutls.     (See  Horte-pou^er.) 
tjr, — The  work  <)one  per  second  by  any  iigent. 
rKT-m'coiitl,  i>r.   tm  fefnenJly  termed  in  Ihc  Uniled 
h  Ptttrer.  i>r  Hale  of  Poing  H'.irfc.     (Si'e  Pinrtr.i 

^  Cl> — All  iilililV'viiition  uiied  ni  uiediuul  electricity  (or 
ieifurofio»  I'oHtraeliuH. 

•n<— Tliii  utiiiu'lloii  l.hut  exists     helween  unhko 
(See  Attranlion,  Slotecular.} 
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A4Uillierai«Bcy.— Opacitv  to  hest. 

A  ^iiK^ran*  ^  is  said  to  be  diaihtnmampmM  when  it  is  trana- 
par*'nt  t«.>  \\*'M.  Cl»*ar.  colorl«s»  crrstals  of  rock  salt  are  very 
tran-^IMi-i'iit  S«*ch  to  light  and  to  heat.  Rock  salt,  covered  with 
a  lay»M-  m-  lit^iN^^it  of  lani|>-blai*k  or  soot,  is  quite  transparent 
to  li»Mt.     An  ;i«liathemianoiis  body  b  one  which  is  opaque 

to    llt'ilt. 

H»'at  traiisimrt^Dcv  varies  not  onlv  with  different  sul^ 
staiiv^^,  lint  al^t  with  X\w  nature  of  the  source  from  which 
tlio  lioat  IS  i|iM*iv*>4l.  Thus,  a  »ubstant*e  luar  be  opaque  to  the 
h^at  frt»ni  a  non-luminous  si>unv.  sik'h  as  a  vessel  filled  with 
ImmIiii^  \vat»M'.  wliilo  it  is  i'(»ni|Kinitively  transparent  to  that 
fi'oni  a  hiniinotis  soufi-o,  sui'h  iis  an  in(-;in4lesocnt  solid,  or  the 
voUai*'  an\ 

A  similar  ilitFonMu*'  «'xi>ls  as  n»Lranls  ti'aiLs|Kircnc'y  to 
light.  A  folorli'ss  glass  will  allow  liirlit  i»r  any  color  to  |Kiss 
tlii'oiigh  it.  A  bhio  glass  will  allow  hliK*  light  to  puss 
fiv«»ly  through  it,  hut  will  ('uiu|iloti*ly  provrnt  the  1)0853^6 
of  any  nnl  light ;  anil  so  with  otlior  rohu's. 

.lilpiiius*  Condenser.— (Si>e  Condvnser.) 

AfRnily,  C/liemieal Attnnir  attrartions. 

The  foivf  that  raiisrs  atoms  to  unite  and  roriii  clnMiiical 
mohM-uh's. 

Atomic,  or  rhtMnioal  attraction  gc'iiorally  ro.sults  in  a 
h)ss  i»f  the  charju.liM-istic  <iiialiti(.*s,  or  |»ro|HM'tii?s,  that  dis- 
tinguish on«»  kind  or  nialtfM*  from  anothor.  In  this  res|H»ct 
it  dilfors  from  <tilhvsi4mf  (»r  the  foive  which  hohls  unlike 
iiiohMiilos  togi'ther.  (See  Adhesion,)  If,  for  exampio,  sulphur 
IS  mixed  with  lamp-hhuk,  no  matter  how  intimate  the  niix- 
turi\  the  st>parate  particles,  when  examined  by  a  glass,  ex- 
liihit  tln'ir  |)eculiar  color,  lustre,  etc.  If,  howerer,  the  sul- 
phur is  chemically  united  with  the  carhon,  a  colorless,  trans 
parent,  iiiolnle  liipiid,  calletl  <arlH»n  bisulphide,  results,  that 
possivsNcs  a  disagrt»eable,  penetrating  odor. 

tMiemical  ulllnity,  or  atoniie  coiiibi nation,  is  iiitluenced  by 
a  variety  of  causes,  viz.: 


^H   On 

k; 
P 


W(>itU9.  tsRlia  t 

C'otieeiini.      Coliiwion,  \iy  hindinK  <t>i-'   niolm-nlcs   more 
llrtDly  togyUii'i'.  »|i|kis<'H  tlieir  niulual  alotiiic  iillitu^ionn. 

A«oIid  roil  of  ir-i>ii  will  iiul  rnulily  burn  in  the  fliuncornn 
'onliniu-.V  Imuji,  Iml  if  Un?  coJifsiioii  l»>ovyniinie  by  mliiiuii^ 
i]  ti>  lllin^s,  it  biti'ns  with  bcjlluuit  scintillutiuns 
bra  tlro|)j».'il  into  tlio  Mune  HaniR:. 

(8)  Svlulion.     SuhiUon,    by    imparling'    lo    the    moleoult^s 
'gTcnlcr    rrcc-doni   at   motion,    (uvoi-s    tlipir    L-Iic>nii«i1    coni- 

(3)  Uettt.    lieul  fuvore  iitumic  coinliiniiliou  by  deiTeaaing 
tfan  colii<«ion,  uiid  possilily,  by  altering  t)i<-  plccti'ital  rda- 
tions  of  llie  atoiiii>,     ir  too  grKttt,  heat  may  pi'odnre  tkcoiU' 
ion.    (See  DisKotiatioa.) 

Light.  DvcnmpiiBilion.  or  the  It^sseuing  oC  chemical 
lity  tbruiit'li  Ihe  tt^noy  °^  Usht,  is  tailed  Attinimn.  Light 
lausps  tht  direct  mmbhiation  nt  KubKlimreit,  A  iiii: 
of  Mjual  volnmes  of  hydrogen  and  uhlurme  unites  n: 
ivrfy  vriien  exposed  tn  the  action  ot  lull  sunlight.     (See 

)  Ekflrk'iln.     An  dis-'tric  npark  will  cause  an  eiplosivp 

Mwbilmdou  «(  a  iiiis1iir>'  of  oxygen  and  tiyilrogen,     Elei-trit- ' 

^&laapit>iltic<'!<i-tii«miru1  decomponiliun.     (Sec  Ekctrolyxut.) 

one. — A  lint-  ivniiei'tiag  plofes  im  tlit*  i-ai'th's  surfaoe 

e  Ihc  niugni'lie  n»?dlu  points  lo  the  Iriie  f^eos^rapliiail 

Mb. 

of  nri  ilecliniifioji  or  vuriittititKit  a  tiia>.'Deti(.'  [>»-i^dle. 
I-  bttiiHatiim  or  VurMiim  of  Mufjntfic  .\eedk^) 
«all  till- plai'.'s  on  tin'  t'ltrtli  wliei-c  thu  magnolii-  needle 
in  tu  the  lru>- north  miiy  be  arranged  on  a  Few  lines,  il 
1  Iw  undirnttoud  tliul  tlir  pointing  ol  the  raoguflic  needle 
iB  t^i<*  gpo^raphiral  north  is  the  exception  and  nut  I  he 
,  In  many  plai-eH,  lii>u'i>v>>r,  Ihi^  deviulioii  from  Ihetnie 
nipfaicn]  narlh  is  so  Bniall  that  IIk  diri^ction  of  the  needle 
»  reganl"il  os  apprntiniately  due  norlfi- 
— I'l-rlainiut'  iL>  Mie  Asonr- 


Alr*Bllt«l.— An  inv»nl 

lion  nt  Pi-of.  Rlihu  Thomson  to  pre-        ^^M 

ireul  Ihf  mjiinoii!.  m-lion  .                                                                                _^ 

ulilivlnii'tivo  HiHU-klag  at  Unacotn-          ^^| 

Bluliilur  "(  Li  ilyimiiio-i-l(M-trir  miuliinn.                                                       "^f 

A  tliii>.  lorrMi-  t>l!t>.l  i< 

r  nil-  is  ilHiv.>re<l  thmiigli  Riiltahln             ■ 

tabpHOi  i«Hrit^  .H.  111.?  Iliv 

lie.    whc-ri'   till!  .-oUM-Uog   briwhes              1 

licni-  on  ltd  mii-fiii^,     Tbo  -ftt>ci  te               1 

*'^ 

t.>  lilow  out  lb«  nn-  BB-t  tliw  piv-               1 

<3^? 

v<-nt   ils  dpstniclivfi  ai-tion  on  tliv               1 

V^   z^'Nk"^ 

I'oiiiiiiiitnlor  fipgtiifnl!!.     The  tifi-oT 

^v,  Ifp--/ Ovxl 

Uie  iiir-blnsl  nlio   (wrniitn  lb«  fn^ 

1  ^«?  -1  ..^^^ 

ii|i|>lii'iition  ot  nil.  thus  rimhcrovditl' 

''■^' 

iDK  wPttr. 

Tb<^  bbisl-ii<»:x1<-H    :iM'   «li.>«-n   •( 

ina.i. 

If.  l!».   Fi«.  H.  M.-iir  tb.- ™llecliiiR 

^^BBr 

binoil    Iriini   n    i-onlii- 
tOgtti    bluvv<T   tlltlU'lll-ll 

^■■^IBSP*:^ 

Jlfrenlly  t..  tli-  Hhufl  u1 

.>^tf^@^*!^^Si& 

ttn   miV-IOKI-.      flH  r..>; 

/j^B^^^k  ^^^Ssbv 

tfVUCtKltl  mill  OIHTIkl  II  iti 

(h^^^^^^       -flKi   ' 

■rill  bo  i-xaJiIy  iin.l.-< 

^ '^'^'^^m^ 

Uood  rniiu  nn   lnx|H'i   ^ 

b^^^H^^^VS^^F^  r  T 

fbon  of  KifT.  ».  i"  wliiol.  '1 

^E^^^^^^kP^c^    ^ 

thp  tflt.  IX  irinDV.-.!  for   ^ 

Wj^^^^^^*"^"!.  >^ 

*i  r(-n<l,v  I'Maniliinllon  i>r 

^^^^^MhuPI^^^  , ' 

tlif  Inti-rmr  luulii. 

^^^fc^,—  -... 

fio  9. 

Alarms  Kl«clrlc— 

Viifioiifl  ftiitoiniilic  (ti'vicM  by 

^irhu-h  nllmUon  b  l-hIIiiI  1 

o  tbp  occiirrcn'-o  of  ccrl.un  i*vpnt». 

^^blo)i  itH  nu-niH-ningof  n 

iloor  or  winilow;  tbi;  sti-ppiiiR  o?  n 

^^^prsoti  oil  11  mill  or  iiinn-. 

A-a-:  tlic  ri«'or  full  lit  lciii|irrulitro 

^Kynn<l  n  Ki*-<-n  pre.lolorrr 

iipicd  imiiil .  IT  lo  aaXi  n  pL-rson  lo  n 

^Mtlp]trni]ihl(-  or  trlfpbdnii' 

iiwlnimi'wt. 

wc«i>R.  Tuum  AXd  pmtASER. 


j  Ehvtrically  tuliiiil'Hl   alariii-bi-lla   are    ppnerallj-    iif  llic 
C   inakc^nul-breiil;    fiH-m.       Tlie   slnkiiiK    li*ver    m* 
hy  llie  atlrai'lion  nt  Ihi'  arrnaliin-  of  nn  rlpctro- 
•1,  and  iE<  pnivtil<Hl  with  acontai.'t-poiiil,  so  pinifil  tlint 
I  t)i6  liiiiitni'T  IS  ili.iwn  away  fitun  tlie   IihII,  on  lli^ 
»->nugUi^t    lumii);   lis  itin^ni^tiHni,  %he   I'onlBcl- point   is 
h).  but  wlicn  It  M  di-nwn  townnls  Uir  Wll  \he  rnntnct  \s 
Vlii-n,  tltf-refopf,  thR  hammer  stnWes  tin'    bell, 
n  u|i«Deil,  ami  tlie  otcM'tro-mnirn^t  rclonA's  iia 
tare,  pcrmillingusprin;;  to  nipxin  rluiie  the  ['«Tiliit:t  by 
f  tho'lrlking  lever  awuy  (rom  the  bell.    Onct!  mtt  into 


HI.  these  niovcmpnU  ari-  ri'i'*'"'''''  wliil*-  lhei>'  is  bnttpry 
IT  sufllciriil  III  fiif^r^ixi!  Ihe  luaguvL 


tvlikli  huilodiei 
tt>  iIk'  iiiiHiiturt 
uf    Ibu    elect 
magnet «.    Xa 

Inllir^  spi-iiig  [7.  bfui-s  a^irist  Ihc  aiTrmlure  nli^n  Itw  InKvq 
iH  awfiy  rriini  llic  mugni't.  hut  dcw!!  noi  iimi-h  Ihf  iirmutiu 
whi-ii  II  lit  moved  Uiu'ncils  lln-  nugii>'l.    The  inovrwiiU  o 
thi-  uriimtiirv  thuH  uutuitiutiiully  i>|>fu  iind  >'!•>£(■  Ilivclrctllfl 
(i(  tJie  ptpiHi'ii-miigtii't, 

This  rorni  iif  niakr^iiil-liiiiak  is  •'ii1li<il  iin  nulonialir 
autlbr-:nt.: 
AlHrtnii,  EU'olrl*'  Biir«liir An  fli'ilriu 

i-losel,  ilr;iivi'i'.  .ir  sati-,  or  Ihn  iiiwanirn  i.f  ii  jjerson  IbraHj 
u  hiillnay,  nr  iin  u  Ktmiwity. 

EleclHi-hiii^lur  ulni'iii  ilevii.'iSB*UPmllyrcinai«t  in  mw 
i)nu  fur  Ihe  operation  of  an  Hiitrnnntio  iiinkt<-unil-lir<-iik 
on  Ihp  iliWns  of  un  clui-lrn'  firoiiiL  Thn  h>'M  inuy  Hlhl 
cuuliniii'  iiii^n^  unly  wliili-  ttu-  I'lintat't  tvniainit  ilnwil, 
mn,V,  hy  the  thiDWln;?  on  of  ii  lf«iil  oiiiiiil  or  <isllfrv.  i 
limii'  ringiM":  until  stopped   by  soim.-  nfm-.-iiilnmnfr''  tl,-i 


"ii,J  ,■ 


Lhb. 
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rim  ftlunn-lx^ll  is  «liiti(in(<d  t 


rmayconn«^^ttllr(M?ll.v  willi  Uif  I 
Bur^lar-uliu-ni  appamliiH  is  of  a 

(!>*iierally,  Jevi(v«  iiiv  pi-ovidi^il 

1   lit  wllitli,  in  I'lise  (if  iLoiist^  (iro-    I 

m,  nil  anmineialtir  Hboivn  tlii;  e 

wlwi'P    un   entrance    liiis   been   at-   | 

(Hi>v  Annuneiatur.)     Switches 

■  P'w'''^!  '■"'  ili»'»iiii(H.'liii^  nil  oi-  |>urtn 

~  «  liousn  (roni  tlip  nlurni  n'li<>n  co  ili- 

,  tw  wi.*ll  UH  la  [leniiit  wlniluus  In  l» 

r  nused  for  pur|>u«i.-s  of  vnitilalim 

K»Ht  fHiiiiiding  lliK  ulu 


^cl^d  M 


til  tlie 


1  (or 


fig.  I 


»f  Dutomntii^ully   diHconnecIing  uay  porliun  ot 
or  (or  certiiiti  intervals  of  tiini'. 
^  13,  aliuw!!  II  burglar  alariD  with  Aununciutor.  switchvs, 
h-kn;.  mit-uR,  iind  clock. 

.larBia.    Electric    Burglar Vale    Lock 

irllcll    fbr.— All  uUi'Jii  wli^iQiiy  ilii'.>pcuiii^o(  adoorby 

I  authorised   iJiii'ly  pr.-viilr-d  \Mih  [|i,.  ri'^uliir  key  will  not 

danalanii,  bill itiiytlier  (.•Ill-mat  «'ill  sound  such  alarm. 

■U,  RI«tclHt!  Fire  or  Temperature !■>- 

AforaiitoniiiticivllysoiindUi^iiiialuriiion  an  iiicreuse 
mpnruliin-  lipyiind  n  cei-luin  |ired«t''rtiiini*(I  point. 
-ulitrnia  htk  opprati'd   by  IheriiuittaU,  or  by  uicuuh  of 
llCiint;u'U:  I.  Ci.'L  iNititort  clowdby  tbc  oxpuiuuunuriL 
fiu^ri'iiry.    (Hvf  Thvrnimlat,) 
uitut  of  Jirf-alarm  ti'lfgraphn,  liic  ulami  ih  aiitomiili- 
iiImI  in  A  (t'ntrul  )H>li<'c  Ntutiuii  and  in  tlie  distriil. 
e  hoUHe.    (8oe  TrUyriiphg.  t'ire-alanu.)  ' 
twit  or  inen-'urtiU  ('ontiU'tH  is  dcpi<ndi^nl  on  llie  (tk-'t 
lh«  mi'rniry  pxp.inda  hjMiir!  .iftloii  •>(  the  lii'at,  it 
■  A<.>vutii<.'t-|ii.iint  ploci.'d  iu  llii!  Iiil»>  ;iriJ  llxm  rouipIi^tvH 


actiun,  lliese  ninvpmenta  arc  i-eiit'iilt'il  while  lliei'e  is  battery 
Ijower  sulficienl  lo  pnei'Kize  the  luagneL 


^S 


is  away  froDi  tl  e 


are  conniT te. 
with  the  right  and 
left  hatiU  lii  tiding 
liostx,  P  »ni)  H. 
TU<!.lutmmerK.ii 
.■uuni-'ftfU  wilh» 
slrikiug  lever, 
whii'h  forms  p»r 
orthocirciii 
which  is  attache! 
to  the  arolatvr^. 
of  thp  eieclrc 
mi^net  e.  Auit 
a  urp  when  the  lalfei 
1  I  UiiK'h  the  armatiir 
i\ei  to  vards  I  e  i  j^nel  The  muveuients  0 
the  armatnre  IJ  s  aulo  at  all}  open  nnd  dose  the  oircuii 
or  the  elee(i-i)-n      n  t 

This  tonii  ut      ak  1  k  I      un  autimniticinakt- 

avd-break: 

Alarms,  Eleclrlc  Burglar An  elnlrit:  u 

to  Automatically  announce  the  opening  of  a  door,  ivindow 
closet,  drau-ei',  ur  safe,  ur  the  passnj^'e  at  a  person  through 
a  hallway,  op  on  a  stairway, 

Eleclrit' burglar  nlariii  devices  genei-iilly  consist  in  mechai 
ism  for  I  he  operation  <tt  an  aiilomatK^  niake-and-break  hefll 
on  the  diJsTng  of  an  electrii-  circuit.  The  hell  may  either 
continue  ringing  only  wliile  the  conlact  renmins  ilosed.  o 
may,  by  tho  throwing  un  of  a  local  cnvuit  or  buttery,  co 
linue  ringing  iiatil  stoppod  by  some  non-automatic  dei-icei 
Buch  as  II  liiitid -switch. 
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may  connect  dinii-tly  witli  tlii?  n 
Bui-i;lai'-aUMn  uppuralue  i<«  ur  u 
"  tiirms.    tienemlly,  dcvirra  tirr  provided 

nii-iUiH   of  which,  in  oas>-  of 

tiuu,  an  annunciator  slimvx 

i,    wln-rp    iia    enlrwii'e    Ijiui   lieen   at-    I 

iipted.      [Hoc  Anntineiittar.i     SwUchoa    I 

:  providi^l  Toi-  <liH4'iiiiiii<(-l.m^  all  or  |uxrts  I 

Iht^  houBp  Ironi  Llie  itluriti  wiien  » 

ed.  BB  well  OS  U)  jierniit  windows 

Ijr  raJseil   for  pui^sen  of  vr^ntilatioi: 
Uiout  Bounding  tli«  aUim. 
Bquenlly  L-onnect^d  with  Itie  ulann  For 
le  putfiose  i't  automatical  I}'  disi.'uiiu^ctiiif;  uh.v  portion  of 
ic  luiiuc  at  or  for  certiun  inlervalB  of  tinit-. 
fig.  13,  shows  a  burglar  alarm  with  annunciator,  switohuH. 
rili:li-key,  cut-off,  and  doob. 

Alnrnm,    Electric    Burglar Vale    Lock 

Wilrll  for. — An  uluini  whereliy  tijf  openiuKof  a  door  by 
n  aiiltioriiwd  [liifty  pi'tividnd  ullli  lln?  le^'ular  key  will  tiol 
mild  auulai-tii,  but  any  ulb<!r  u|H>ning  will  sound  such  alarm. 

Alar/Tifl,  Electric  Fire  or  Teiuperalaro Tn- 

IruriipnUi  Tor  aiitoniulk'ally  sounding  an  alarm  on  an  iiuTt.'use 
I  tvnipvTatiirp  beyond  nrertain  predial criu I n<-d  puiiil. 

Klri^-alamw  are  operati>d  liy  Ihermoatulii,  ur  by  iijeuus  of 
lercurial  contacts:  t'.  ^.,  a  I'ualuct  cloxedby  the  ex|Hiiuiioii  of  a 
iluntn  of  luenTiiry,    ^S^•e  ThermoMat.) 

In  HyHl«iii»  of  Jlre-aliirm  leU-giiijihf.  the  alarm  is  aiilomati- 
Uty tiouliileil  in  a  ii-iilial  p'ib.>-  -:l:ilii>ti  and  in  tbe  district 
K-vnginp  liuusu.    jSj'..-  7'i7i-i/r.j;p/ii/.  Five-alarm.}  ' 

The  Kvtion  of  moivurial  iiiii1:il'1s  in  dirpendenl  uu  the  fact 
t>»t.  ua  llie  mercury  cxjuindK  bylln;  lU'tiou  of  Ihe  linut,  it 
Uohes  a  coutuut-poinl  placed  in  Itie  tube  and  thus  I'umpleius 
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ilie  circuit  through  its  own  mass,  which  forms  the  other  or 
movable  contact  Sometiines  both  contacts  are  placed  on 
opposite  sides  of  a  tube  and  are  closed  when  the  metcuiy 
reaches  them. 

Mercurial-temperature  or  thermostat  alarms  are  emploiyed 
in  hot-houses,  incubators,  tanks,  and  buildings,  for  the 
purpose  of  maintaining  a  uniform  temperature. 

Alarns,  Electric  Water  or  U^nld  Vtiwwi  — 

Devices  for  sounding  an  alarm  electrlcallj  when  a  water  sur- 
face varira  materially  from  a  given  level. 

An  electric  bell  is  placed  in  a  circuit  that  is  automatically 
closed  or  broken  by  the  movement  of  contact- points  operated 
by  a  change  of  liquid  level. 

Alarns,  Telegraptalc Alarm  bells  for  calling 

tlic  attention  of  an  o|)erator  to  a  telegru])liic  instrimient  when 
the  laltor  is  of  the  non-ac*oustic  or  needle  type. 

In  acoustic  systems  of  telegraphy,  the  sounds  themselves 
ai'e  generally  sufficient  for  this  purpose. 

Alarms,  Telephonic An  alarm-bell  for  calling 

a  correspondent  to  the  telephone. 

These  alarms  generally  consist  of  magneto-electric  bells. 
(See  Magneto-Electric  CallBeU.) 

Alcohol,   Electrical   Rcctillcation  of. A 

process  whereby  the  bad  taste  and  odor  of  alcohol,  due  to  the 
presence  of  aldehydes,  are  removed  by  the  electrical  con- 
version of  the  aldehydes  into  true  alcohols  through  the  ad- 
dition of  hydrogen  atoms. 

An  electric  current  sent  through  the  liquid,  between  zinc 
electrodes,  liberates  oxj'gen  and  h^'drogen  from  the  decom- 
position of  the  water.  The  hydrogen  converts  the  aldehydes 
into  alcohol,  and  deprives  the  products  of  their  fusel  oil, 
while  the  oxygen  forms  msoluble  zinc  oxide. 

Alfcbralc  Notatlon.^See  Notation^  Algebraic) 

Alphabet,    Telegraphic An    arbitrary  code 

consisting  of  dots  and  Hoahoa  sounds,  deflections  of  a  mag- 
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netic  needle,  flashes  of  light,  or  movements  of  levers,  follow- 
ing one  another  in  a  given  predetermined  order,  to  represent 
the  letters  of  the  alphabet  and  the  numerals. 

Alphabet,    Morse'i  Telegraphic 

Various  groupings  of  dots  and  dashes,  or  deflections  of  a 
magnetic  needle  to  the  right  and  left,  that  represent  the  letters 
of  the  alphabet  or  otlier  signs. 

In  the  Morse  alphabet  dots  and  dashes  are  employed  in 
recording  systems,  and  sounds  of  varying  lengths,  correspond- 
ing to  the  dots  and  dashes  in  the  Koiind<M*  system. 

American  Morse  Code, 
alphabet. 


a 
I) 
c 

(1 

e 
f 

e 

h 
i 

J 
k 

1 

m 


n 
o 

l> 

q 

!• 

S 
t 

u 

V 

\v 

X 

y 

z 


&   -   --- 

NUMERALS. 


() 


o 

:) 

4 
5 

Period 
Comma 


s 

9 

0     

PUNCTl  ATION    MARKS. 

Iiilerro^ution     — 

Elxclamation 


^) 


A  MCTIONART  OF  ELBCTRICAL 


In  th«'  nvviUe  telegraph,  the  code  is  Himilor  to  timtused  in 
1 1 H*  Moi-st'  A 1 1  »hal>et .    (See  Telegraphy,  Simgie-needie,) 

Alphabet,   TelogrAplilc :    t^ontUieMtal  Cm4m, 


SInffle 

BingKm 

Prlntlngr 

Needle 

PHntinff 

Needle 

a 

v/ 

n  . 

/n 

b 

/sNN 

o 

yy/ 

C     . . 

AA 

p  . . 

v/J^x 

d     _.. 

/ss 

q 

//./^ 

e    . 

\ 

r    ..     . 

x/v 

f    

vv/s 

s    ... 

\\\ 

g 

//s 

t    _ 

/ 

h    .... 

\N\N 

u    .. 

sn/ 

i     .. 

ss 

V     ... 

vnn/ 

j 

^/// 

w    . 

nA 

k 

/s/ 

X          .    ..    .    . 

/sv/ 

I     .       .. 

nAn 

y 

A  A 

m 

// 

z .. 

//ss 

Similar  synilxils  uro  oin ployed  for  tlic  niiiiicrals  and  the 
piiticliiation  marks. 

It  will  ho  obsorvo«l  thai  it  is  mainly  in  Iho  <*hariictoi*s  of  the 
AmoHcan  Moi-so,  in  which  spac-«.»s  an*  iisod,  tlnit  the  Conti- 
nental rliai'ar1<M"s  iUW'ov  fr«)m  the  American.  This  is  tliie  to 
the  nsf  of  tln»  needle  instrument.  A  nu>vement  or  dellection 
of  till'  ne«'(lh»  It)  the  left  si^nilies  a  ih>t ;  a  movement  to  the 
i'i<4:ht,  a  dash. 

For  methods  of  receiving  the  aiuhabet,  see  Sounder,  Morse 
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Wcyi-a/iAiV.     Ufciiriler,  Morae'x.    Hecnnhr,   Chfmwitl.     He- 
!fi/ilufii.     Reluii  or  Hewifiiig  Mugyiel. 
lAII'Blclit  Arc  Lnmp.— <Seo  iMjitble-Carbtm  Arc  Lamp.) 
IAIIoj-,— AixiiiiIiiuhUou,  uj- mixtiifi.',  at  twu  or  moii'  niHullii' 


kill  compoutitlH. 
iiiiifilu  niixtiiri'H. 


,|.l)L-r  1 


It  in  moHt  ciiHcs  npt>«<ii'  In  be  Iruo  I'liem 
1  iniitaiini>s,  IjoweviT,  tliL-y  maj'  foi-ni  j 
W  <x»n|>uHiUun  ur  ix  fi-'w  iiu|K>rlJint  ivllojrs . 
r,  plumber's ;  Tiu  Ot  pui-lH,  heoA  'Ai  parts. 
It,  haiil ;  Till !U  jhiiU,  UasA  H  pai-bi. 
^nift  tnutal  i  Tin  lOO  purlid,  AiilJmony  8  \ar\&, 
I,  Bisiuiitli  I  purL. 

r ;  Cop|Mir  50,  Zini:  3.'),  Niukcl  25  [kiHii. 
«  metal ;  Luwl  UO,  Anliiiiony  2(1  |nii-U<. 
I,  whiln  :  Ooppiir  OS.  Ziuu  3n  pnHs. 
*,  rwl ;  L'if|i|H.'r IK),  Zinc  III  jiaits. 
lum  iiiflul ;  CopiKM-  67.  Tin  ;!:t  iHiils. 
Kitnl :  CcipiMi-  TR,  Tin  'i-i  |kii  In. 
uitiiii  Ui'uaxc;  C(ip|H!r  UO,  Aiiiiujiiiiirn  1()  puKi. 

r*,  l*HllBilluni (Set:  Palladium  AlloffH.) 

Allalro|»r,   All»lru|>lc    Sinic— A  modillcutiou  ot  a 
I'll,  wiiliiiiil  uliitn^in},'  iU  I'linmicul  compii- 
:i  L'ouilitiiiii  ill  wliioh  itn  [iliysii'ivl  un<l  uhcui- 
'  <li»liui.^l  rii>iii  thorn  it  urtliiiiLrily  powKiasus. 
» tltu  itIgiiii-uI:  civrbuii  uMiuni  iti  tiirtiu  widely  diltcrent 
roplo Htutea,  vis,: 
J  Au  chatiMa.\,  or  oriliiiiiry  curlmn  ; 
)  AitgrupliJtv,  or  iilunibaj^  ;  ami 
t  As  the  iliiimiind. 

UlornailnsVurrcui.— An  ulvulrio  current  thiil  ullvr- 
tvly  lloWH  ill  u]i|iusiLi!  diri.'i;tion(i.    (S<!c  Current,  .lltemn- 

IlkllcrUMIitiK   Molur,— (Si'i?    Slolor,    AHcnialiag   Cur- 


oo 
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Alteruating   D]rnaBio«EI«cfiic  ■acMnc^--A  dy- 

naiiio-elortnc  niucliine  thut  furnishes  altematin^  i-urrcnts, 
(Hi'v  Dynamo-Electric  Machine,) 

AllcrualingSjrstem  of  DIsliiliHtloM.-^A  syt^m  of 

olt'cf  lie  ilistrilxiiion  in  which  lamps,  motont,  or  other  electro- 
nMvpfiv«Mlovi(vsuruopcrat4Hl  by  means  of  alternating^  cur- 
ivnts  iliiit  ai'o  s«;nt  over  the  line,  but  which,  before  passing 
tliroiiirii  s:ii(l  il(n'ir«.\s,  arc  niOiliflcHl  by  appar.'itiis  called  ooji- 
vt'Hurs  or  trunHformera,    (See  Converter  or  Transformer,) 

Foi'  (li'lails  or  the  alteniatiii^  HyKteiii  of  distribution,  see 
Systviiiif  of  Distribution  by  Alternating  Currents. 

AlteriiatiTCS,  Yollalc A  term  used  in  medical 

eltM'tricity  U>  imliral4'  Huddeii  n»verKals  of  polarity  of  the  elec- 
trodes of  a  voltaie  hatterv. 

All  aH«M*iialiML!:  riirreiit  from  a  voltair  battorv,  obtiiined  bv 
tln»  use  of  i  suital)Ie  coniiiiiilator. 

Sii(l(i<M)  reversals  of  |k»1  irity  produce  more  eiiergetii?  eflfiH'ts 
of  miisriiliU' eonlraetion  than  <lo  simpU*.  closures  or  comple- 
tions of  the  eireuil. 

Siiirt^  nil  eleetrieity  is  om*  ami  the  siime  tiling  or  foiif*,  what- 
ev«»r  its  soiiree,  the  necessity  for  the  term  voltiiic  alternative 
ill  pla(-(>  of  allernatiiii:'  eurreiit  is  by  no  tiieans  clear.  The 
only  consideration  that  wouhl  appear  to  warnint  its  con- 
tinued use  is  that  the  alternating;'  currents  obtaineil  from 
the  voltaic  batteries  p'lierally  employed  in  electro  the i*a- 
|M'utics,  by  the  a<'tion  of  a  pohM^hanic^'r,  pi>ssess  a  miicb 
smjiller  electro-motive  force  than  do  faradic  currents,  which 
are  also  alternatin;^. 

Amalffam. — The  combination  or  niixtiu'e  of  a  metal  with 
mercury. 

Amalg^am,  Electric \   substjince   with  which 

the  rubbers  of  the  ordinary  frictional  eb?ctric  nuic'hines  are 
covered. 

Electric  amal^^ams  are  of  various  com|K)Kitious.  The  fol- 
io winij  is  excellent  : 
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I  Melt  together  Mve  parts  of  zinc aod  Ihlce  of  tin,  and  grailu- 
~  r  IMiur  the  nioUeti  mctul  into  tiiue  purts  oF  mercury, 
lake  tliB  mUture  until  luld,  unit  rLiliiui:  to  u  powilt^r  in 
rm  mortar.  Apply  to  the  i^usIiIod  by  means  of  a  thin 
of  atitr  ^ease. 

miuT  yiM,  or  binulphiili:  uf  tin,  and  jHiwdercd  graphite, 
actus  good  electri<!  aniulg'tuns. 

t'ltH'^tnu  amalgam  not  only  acts  as  u  ouniluclur  to  rai'ry 
hi!  negatiVB  electricity,  but  iiein^  bi^'hly  iie^Uvulo  thi' 
I,  produL'GS  a  (ar  higher  eleetriUcutiou  than  would  leallier 

iKlBMMiulioti.— Thi!  act  of  forniitig  an  amulgani,  or 
^'ting  the  (undilniilion  oF  a  metal  with  niei'cury. 
■iBl«»niaiian  of  Zinc  Butierr  Platet.— Covcr- 

I!  Biirffu^^  oF  llie  icinc  pUite  ut  a  voUaic  ivW  with  a  thin 
T  of  tuuiU^in  ]□  order  to  avoid  local  acUvn.   (Sep  Ar.Uan, 

ir  drtaiia  of  prooess,  sci-  Hint;  Amulijanialion  of. 

>^sinoua  Hulmtani^,  generally  ot  a  Irtinsparent, 
r  color. 

liter  in  intei'enUng  etecti-icitlly  us  being  believed  to  be  Ibe 

b■lblnol^  in  wbicli  the  projiertiiat  of  I'lectric  attractions  and 

»  impailed  by  friction  or  rubbrng  were  liiiA  noticed. 

wuiUe^  liylheGi'eckH  r^AjtrrjUof  fi-uni  which  the  word 

Iricjty  is  derived.     Tliis  pii>perty  was  nieulioued  by  tile 

k,  ThulM  of  Miletus,  600  B.  C. ,  as  well  as  by  Thcophraalus. 

I  Aaiorpliou*.— Having  no  deilnito  cryHldillinc  form. 

ncrol    BubslnncGS  have  curtain   cryslalline    [ormH,  tliut 

»  cbaract^-riiitic  of  tlicm  ua  aro  tlie  forms  of  auinuUd  or 

Umler  certain  circumstances,  however,  they  owur 

itdcflnili-' crystalline  form,  and  are  then  suid  to  l»e  amor- 

pcR> — The  pracliciLl  unit  of  electriu  current, 
a  current  (or  raie  o[  flow  or  IrHnsnitH^iun  of  cli!ctricity) 


VI 


A  DirTIONARY  OP  ELECTRICAL 


.1 .  wiiiilii  pass  wiUi  ail  K.  M.  F.  of  one  rolt  through  a  circuit 
w  liMSf  It  sistitni'*'  is  fH|ii;il  to  Olio  ohm.  That  is  to  say,  a  cur- 
niil  ••!  Hit'  i|i'iiiii1i>  s(n'ii>;th  that  would  flow  throug:li  a  circuit 
III  ,1  i-<>i'l:iiii  rrsistaiin*  iiiid  with  u  (*pHain  clei^tro-motive 
Iniif.    (Sim   KAi-^ni-il/o/in' f'onr.    Vott.  UeshUuHce.    Ohm.) 

Sun  I-  I  III*  oliiii  is  tht*  prai'tiral  unit  of  iissistantt?,  and  the  volt 
iln-  1*1 .11  til. il  luiit  of  ficrti'o-niotivo  foi-(.*«%  the  ani|)erey  or  tlie 
pi.ii  tiial  unit  t»r4  iirii'iit.  is  thi' t'uiTuiit  that  would  Howagxunst 
mill  M>.isi:nir<>,  nii«l«T  unit  pft'K.sure  or  electro-iuotive  force. 

Til  iiiaKr  tins  il<>)iri<r,  tako  the  uiiulo^  of  water  flowing 
lliioiivli  ii  pipi>  iiiKltT  thi'  pri*ssui*ii  of  ai'ohimn  of  water.  That 
wlin  Ii  •  .iir.i'**  till'  il«iw  is  th<*  prcHtttire  or  head  ;  iliat  which 
If  .1.1;.  Up*  111 i\v  is  tlii> /r/Wfo»i  of  thi^  pi|^N  ^'hich  will  vary 
Willi  .1  iiiiiiiIht  of  I'irtMiiii^laiU'cs.  Th<*  rate  of  flow  may  be 
ri'pii'  iMihMJ  hv  .sfi  imtni/  I'uhic  inrhrs  af  initvr  per  ttecond. 

A'l  IJH' pnv.-.iin' or  lirad  iinn'UsSos,  tiio  How  iiifreiLSi»s  pi*©- 
pill  I  mil. ill  V  ;  iiM  (lif  ii'sir.taiii'i*  inircasrs,  Ihn  How  (liiiiiniKhcs. 

I'lli'i  Ii  II  iill\ ,  i«lrilio  motivi'  fniio  rorros|H>iuls  to  tho  pi-cs- 
i.iiM  III  III-. Ill  III  Mil*  wali'i*.  and  I'i'sisfaui-o  to  thi;  friction  of  tho 
i\ii|ri  iiml  llif  pipi'.  TJir  anipcrr,  wliirli  is  the  unU  rate  of 
fhnr  fill  t»rninf,  may  liirn-fon*  hr  n'prrsoiitrd  us  follows, 

\i/..      (<  .    UM  wa.'i  uniioiim-iMl  hy  Ohm  ill  hU  law.     (Sec 

K 

till  HI  n  l.tiir.) 

'I'liin  i'\|iri's?,ioii  si^riiiiii'M  (hat  i\  tin*  rnrrent  in  ampi^res,  in 
I'ipial  111  \'\,  Mil'  rlrrtm  mntirr  fnrvr  in  ro/^N,  divided  by  R,  the 
H  Hititnnrr  in  nhiiiH. 

\Vi'  nii'ii'«iin'  (lii>  nitt'  of  How  of  litpiids  :ls  ko  many  cubic 
inrlns  iw  nihil' ff ft  jtrr  Htuumd— Willi  is,  ill  units  of  quantity. 
\Vi'  iiHMisuii'  lb»*  nil<»  of  lb»w  of  «»b»<'tnrity  lus  so  iiuK;h  elec- 
Im  il  V  piT  hiM-oiid.  'V\\o  i*lrctiii'4il  unit,  of  <piaiitity  is  called  the 
i'niilnmlt.  |.SiM»  CtHilnmtt.)  Tin*  coubmib  is  sucii  a  ipiantity 
as  \Miiild  pass  Ml  OIK'  sciond  throu'^h  a  riivuit  in  wliidi  the 
rail-  nl  How  i.s  one  aiii|H!M'4>. 


W0RP8,  TEKMS  Jl 


a  PHRASES. 


2fi 


i   thri>i|gli  ti  L'u 


Ktro-mugQi^t 


III  \t,  thei'cfoi'e  equnl  to  one  rtmlotitb, 
I*  iirirl  of  I'liri-eot  is  sucli  a,  I'tirreiil  llitit, 
iilui'liii^  nil's  l>i.'nt  iDto  u,  dr<'lu  of  the 
I'l.'.  wiiiilil  a.Urai-t  a.  unit  uiiii/iu'tie  pttle 
A  its  ci-iiliv.  uuil  xiiUicicully  lutiji  to  pi'iu^cully  remuvu 
irpoli!  [roiii  tlHi  iiil1it<!ni«,  with  unit  (uix-c,  (.«.,  the 
■  'iffHC    |K«i  l>gne.)    The  :iiiipi-n.',  or  pnuitirail 
e-tunlh  at  nwh  a  ourrent :  tif,  in 
T  WwnlH,  Uiu  <tbmlutr  unit  "/  eurrciil  ie  U-u  uiii|«ii't8. 

mp^re  mny  also  be  llelliied   hy  tht;  uhi'iiiicul  ilefoni- 
I  tliv  i^urritnt  uuu  ufled  us  niisismi-'il  hy  Ihi-  tinutitity 
ytln>Ki-n  tibei'ated,  nr  iiieUil  doposited. 

:h  wuy,  uu  anj|)er<:  is  such  u  uurj-eat  as  will 
Kil  .OODXnKiD  grtuiinica,  or  .0DOOS4  )f ruins,  ot  copper  pcir 
il  on  Ibt!  pluU'of  acopper  vvltamtiter  (8ee  Voltatueler), 
'     n-ill    •l<.-u>nipuKe  .CHHKWIUS   grummus,    ur  .0(JU»» 
piiw.  vf  iJilulu  siil|iliiirii:  uciti  [wr  hccuiiO,  or  imiu  Kotpliiii-lc 
d  »tSB'  F.  ihlutiid  Willi  aini\it  \lUvi-a  ix^rm-ut.  ot  waUr,  thul 
kJut«  sulpliurii:  w'JU  of  Sp.  til'.  i>r  alHiut  1.1. 
M|»ftr«-IIaur.     Amp^ro-minule,    Anip6ro-Scc- 
m|R'iv  UoviiMg-  Tor  oiiu  huiir,  one  minute,  or  uuv 
liv.ly. 
iitpiIiit<-hoiit'  iH  In  iviility  »  unit  ut  ijiiiintlLy  like  Ihf^ 
llu  used  in  till!  Hi.'rviL-t!  or  .■)<■.  Irjr  ,:i.iTon1s,  (inil 
1  to  Uic  proiluct  of  the  iHti'rt.-nt  I'.i^livi-i  l-.I,  liy  tlie  tiniu 
thicli  it  ix  dehveifd.     The  aiii|K'i'i.'-lir>iir  is  not  a,  mcaa- 
iBftrgy.  hul  when  L-tinibiniHl  with  the  voU,  and  es- 
n  tDalt-houn,  it  ih  il  nieusure  of  energy, 
mng ciipuL-ily  of  uocumulatoi-s  is  gentTiilly  (jiven  in 
H.    The  winie  is  ti'iie  of  primiiry  batteries. 
Ub  —  .0(10aT:»  iiiii  I  .^re-hours. 
i!-hour--S,OUOaoiUoinba.  {ti.-r  Wntt-Hoiir.  lV,itt- 
I,  Wail-Sccond.) 

Ifclcr;  Am-nietor.— Afornl  ut  iiUtilnomrler 
y  ilcsi^-tii.-il  liy  Ayiluu  iiml  r(.'iiy  to  mdiciili-  din-ttly. 


1.— Uni!  u 


M 


t  DN-rVMAKY  or  CLCCTMCAI. 


an  would  (ma  nilb  an  E.  It.  f.  orratp  rait  ltiiT>agli»drcult  | 
mImniv  miultnirr  a  i<|tal  tu  i«h>  rAM.  Tint  (!«  Ii> 
rent  of  (be  ileDnlln  Elrn^h  llnl  wiMiht  Mow  itinxixli  u  dfunil  1 
oF  A  ivrtnjn  n^sblnniv  anil  with  a  iTttiUH  rk>i-tn>-nuiUw  I 
tonw,    (Siw  £(<Wr.>-3r<rfi>P  f '.>n-e.     I'lVt.  I^udnaiv^    (M«.>  I 

tUn>->-  llic  i>lii»  is  I  lif  pnu-U-^l  unit  tif  niibautin*.  Anil  the  volt  I 
tliv  piiuliixii  unit  lit  ulit-trvi-iuiiUviT  tmrr.  the  «uii|i^ra,  or  tbe^ 
prttcUcul  unit  of  <:urtvni.  is  tlic  i-urrvnt  llmt  wuiili]  lluwai 
unit  rraiitliuitv,  under  unit  |irviaiMV  nr  rln-tm-iiiotivD  foroSi 

To  ninJio  this  clcnror,  toku  tii«  itiuUo^  of  wutpj>  flawnigfl 
Uiroiigh  a.  ])ilH!  untli-r  tltc  |ir>'«»»n!  of  n  i-i>li)niii  or  wattr.  Tlwll 
wbidt  tatUKiys  tlio  (tuw  Ik  llii-  firtumurc  or  bouif  :  tlmt  wliK^J 
nHbts  Uie  Uow  w  tliu  frxctivii  i)f  tlio  liifx'.  whti'li  will  i 
witli  II  uunitxir  ot  dniiMu^lnAttr^  Tin-  rnlr.  of  fime  m^y  btfl 
re|in-sent(!il  liy  no  tnany  nubtR  incAr«  u/  iP4i(rr  jut-  ««<9II(L 

As  Ihn  pnsmurp  or  hciul  inc-niiEins,  tlio  How  iui 
porfioniLlIy ;  ue  lbi>  reiiiKtuiii-u  ini'miisi'ii,  iho  lUiw  iliiNI<IMilia.| 

KlwtU'ii.'uli.V,  t'K'fti'o-riiutivB  \o\\ia  iu>rrcit)K)(iilH  li>  l.lie 
sure  oi-  Itraul  of  llm  wuUt,  tutil  rusinUuiuii  lu  \\w  rciclion  tiT  ttn^ 
nuUr  nml  Uiu  pipt!.  Ttui  aiu|i&rv,  wlikli  U  tlif  uhi7  ntbi  li 
Jlow  !•«■  JWcoid,  uiiiy  IhctvfolH^  In?  repi'»u.-iitr!il  as  TollttWs, 


<•  =  - 


I.)-  Ohi. 


I  liiB  law.    (» 


Tills  expression  Hlffnili.-stliiit.  i'.  tli 
to[iiul  to  K.  I  Iw  r/ecfr()-jii.i(ii'L'  /nrct  i 


find  i»  lli*u«[ore  eiiual  to  nnt  rniUniih. 
1 1"'  unit  of  oirreiil  ishuch  m  i.iirr^fit  tliat, 
iiJtK.'tiU^  wire  fwrit  intu  ;i  ctn-le  ot  llis 
'  irp,  woiiJd  ollroil  u  unit  iiuiffiirl'c  pnln 
kI  ^ulUrxriilly  long  lo  pnw.-tii.'-.illy  rvniovv 
.  tJw!  iiiduuiu-'e,  wiUi  unit  foivi--,  i.e„  lUe 
I  Ml  Ode  ilfno.     1M«  ttjfar.)    TIib  aiup^r--.  or  iii'n':li<iil 
ml,  tioae-teHlk  of  *iu-/i  u  currt^nt  ;  vr,  iu 
'i^'/nfr  uH(/  a/ eurrr-nt  •»  ti>n  uihih-c*^. 
.>;w  lie  ikflneil  liy  Ibi'  dieiuiuil  di^-oni' 
jn  vBcct  us  muisuml  by  Uiv  t|iuintily 

■  ay,  ttn  luiiprrv  ia  bulIi  a  L-unvnl  as  wtll 

.Ui.V»t  f^nuib-.  ■>(  oa{ippr  )><-r 

r  tvtf/unw/cr  (Haw  l'u//a»wJFr|, 

rfreoiaiHwe  .'KHiiWEiG    ^mmiUFsv    or  .(■>lt^ 

|iburic  acid  [iirr  nnxitul.  of  g-urt!  MJl|il|iirJu 

Jtirith  niiuat  lllti.-<-a  (■.■rucnLut  wubv,  Hull 

mil  of  S|>.  dr.  of  about  I.I. 

'  8o»  iiig  ttiT  oofl  Itotir,  wi*  nunute,  <ir  <mi*- 
r.rf,. 

Hfur  n  io  rvnlily  &  unil  ul  i|iuu>tity  like  tin* 
It  M  i>»«il  in  Um*  wrvu-i!  of  i^lmlhc  currfOtn,  ami 
li*  Uh!  pnKluct  of  Wye  currvnl  dtlivcml.  tiy  Ibe  lime 
b  tl  is  (Irliren^.  Tfae  anipFf^tiiicir  t*  not  a  nwa*' 
)E^-,  tiui  wli-ri  ■iiiabtiieil  Willi  lfi«  vult,  and  tat- 
Uft-A'jifn.  il  T-   1  ntvamw  at  CBrn^. 

a|i»(-ily  ij.'  ..<  •  uinitlBtofs  n  gvonally  gtren  in 
Th>r  >uiii>-'  :-  inteof  prUmuy  battene*. 


■  M-lerr.— A  (ora 

-ul   r-rrty  (*i  miBraf*  d 


K  DICTIONART  OP  ELKCraiCAL 


I  uuitt'ieu.    (See  Gatvan 


llic  stri'ugtii  ut  current  passing 
mettr.) 

Likij  oil  gulviiDomelvrs,  the  slrenglh  of  current  iiasaii 
L  e.,  Ui<!  number  ut  uiii|)^n»i  is  iiiilk'uti'il  by  lliu  (lelli?L'U(in  O 
lim^ine'lii:  ntwJlu  pluccnt  insidu  or  over  u  cuil  of  iiisulatMl  wi 
through  which  the  ciii'iiuit  lu  Iw  moiieurvd  is  pusMnl. 

Intliu  lui'in  ori^niilly  di'vitunl  by  Ayi-din  and  Vcvry, 
nenlle  lauiiu  tu  rvst  iihnusL  liiiini.'ilJuUily,  or  v/mt  iteiiit  bitat 
luiUon.    t^^u  Deiul  Ueitt.i     It  niuveil  tltiim^'h  tlin  llc^ld  of 
permanent  ningDct.     The  tustriinictil  was  furnished  w 
number  ot  coils  of  insulated  wire,  whLuti  umilil  be  vunai 
eilhvr  in  aerkx  or  in  niultiplt-are  by  lueuux  o(  a  armmutatt 
thus  iiennitting  the  uiUe  reading  tu  bo  verilhul  or  tsltb 
by  Uiu  use  uf  u  tingle  viiltiMC  cell.    (Boe  Cireuiit,  Vnr 
of.  Commutator.  Ctti&iratum,  AlmiluteorJtelaliue.ofI* 
ment.)    lu  tliis  casi;  llie  rails  wrre  turned   to  8i'Hes,  iu|i 
plug  to  Uie  left  puUed  uut,  Uius  introducing  u  reatetoaae 

Fig,  K),  fepreeeate 
of  Ayrlun  und  Perty's 

[i^omniutiitirr    for    oonl 

Mug  the  coils  cjlhertnai 

or  pumllul  ia  tilKWn 

Uimling-posld : 

iit  V,  FK,  iind 

liuino  tcriuimilK  «(•  t 

iiw'ti'il  at  till!  [lusb  P, 

mid  tliu  (-urrent  win  jf 

only  when  Uiu  wUa 

fn  multiiik,  tlius  avoiding   aucidenUiI  biu-ning  of  the  ee 

In  this  I'asi.'  lli»  eulire  curi-t^nl  lo  lie  nuiMiired  piuisra  thrpi 

the  coiU  WI  coupkil.    The  jioetH  S,  atiil  PB  *»*«  fur  conin 

g  llie  single  biitlery  i""!!  ciinvnl. 

A  great  ^Tiriely  of  iuu|»Ore-iiicUT»,  or  ui.i-iiieler*,  )iav«  Ir 


W 


rig,  IS. 


WOltDS,  TKRUS  AND  PMIUSBS.  3T 

ifiL    Tliey  iire  nearly  all,  bowevci',  ronstructvil  on  •>- 
IVlifllly  Ibe  Kami- },■!.' nerul  iii-int-iplt^s, 
^  Avpirv-Fooi.— Ttit-iirtxIiK-t  of  llie  currept  in  anip^ies 
^ Uw dlotani-'e  iii  fuet thn>iii;li  wliuli  ilml cuiTimt  putsses. 

sWea  sii^t^L-Rttd  Unit  the  U-nn  iimptiiv-feft  kHouM  be 
jyril  in  I'Xpn'ssiiig  t.lic  stn-ut^.h  of  i:U'i'li'i)-niiij;iii*l<sin. 
t  livid  nia^'iu^ls  uf  clyDaiuo-eli'Cti'Ju  ii.;icLiDus  ur  otiier 
jbOiu'  apparututk 

tire-Turn*,  or  Anp^rc-WindlngB.— A  single 
n  or  winiliog  (hi-iiugli  whjcli  one  uni|H>i-i?  passts. 
Kllut  number  of  iitngn'rvs  mulliplitxl  liy  lliu  unrulier  of  wiml- 
'  9t>r  lumt  (>r  viirv  lu  ii  t-uil  (,'ivL'  llie  tolul  number  uf  :iiii- 
v-turnn  fn  lh«  i-uil.    The  luitgnultMii  di-vvlupLiI  by  ii  j^ivcii 
j^Bibnror  uiii|M-re-(iirii3  ii>  iiiHupemlrnt  of  llii?  iiirri'nt  or  ut 
I  dumltttr  of  Ittrtin  of  wiif,  us  ivag  (ls  IIi<i  priiiliic-t  of  llic 
Mtutd  till!  lui-iiNri-riiiiinstlie«un)<.-.    Tlirit  i>i  towty,  ILe 
Wnn)ounl(i(iiiii>;ii<'lisiii<'Hnboi)btiiini'()bytlie  ust-of  niatiy 
biliugtt  untl  u  MiMll  riiri-'iil.  uii  in  sAunf  rl^naniiui,  ur  by  :i 
7  Inms  unti    it  piupurlinnally  Im'^c  current.  :is  la  hcti'ch 
(Sgt;  ifUiiMmi-Eleulric  ilwhiue».) 
■|»tr«>-Voli.— A  wall,  or  ,)(  of  li  liursf-i)owpr. 
i  tcrtn  IS  g ■.'lit' rally  wriltun  viAl-amjn:rv.    (Sec  ^o/^.l»l- 
*-) 
kmpcriun   Currcnu.— Thu  okttric  currt^ntH  lliaL  iin- 
pinHil  m  Ili<-  Aiiipt-'riiin  llienry  of  iiu^rairtisni  lu  IKiw lu'oiinil 
[  tnuln'iilei*  uF   a   niii;,'nft.      iSi-u   Mugnttuim,    Ampcrian 
purtigpothemtuf.) 

B  Anijieniiu  nirrcnlA  ar"  lu  bi'  distlngiiislicd  rrum  the 
r,  Foucaull,  <rr  I'lirimlienl  Currcnfa,  sinoe,  iiuJike  tliei)i, 
r  WD  liiroil.'il  M>  iia  lu  proilucf  itscrui  olteclM.  (St-e  t'ar- 
^  Kddy,  J-'iiui'uult,  I'liriMilieai.) 
■pUIudc  <ir  t  Ibratlon  or  Wave— Thu  i-uUuthnt 
M  hi  uny  Hiiiiml-wuvr-  bi-lwirn  I  he  d<^i;r<.'e  of  ■.uudensuliun 
4  mrefatlioti  of  llu-  mr  -r  fllx-r  niciliiini  iii  wliWliUw  waw 
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▲  DicncmABT  or  mMjnuoAL 


The  uniplitiide  of  a  wave  is  dependent  on  the  amoant  of 
oiioi-^y  charged  on  the  medium  in  which  the  vibraltoi  orwftTe 

IS  pnuUioMl. 

A  vihratioii  or  wave  is  a  to-and-fro  motion  produoed  in  an 
«'la.stir  iiialorial  or  medium  by  the  action  thereon  of  energy, 
S(miihI,  liKlit  und  lieat  arc  effeirts  produoed  by  the  action  of 
vihrat Kills  or  wavcH,  which,  in  the  case  of  sound,  are  set  op 
ill  llif  air,  ami,  in  that  of  liglit  and  heat,  in  a  highly  tenuoos 
iiiimIiiiiii  ralltnl  the  tuminiferous  cUier. 

As  tho  aiuphtude  of  a  sound  wave  increases,  the  loudness 
or  iiih'iisity  of  tho  sound  increases.  As  the  amplitude  of  the 
ollii*rwav(^  iiiciMNLsi^M,  the  brilliancy  of  the  light  or  the  inten- 
HJty  of  tho  hoat  incn'aseH. 

L«'t  A  i\  Viix.  14,  n'pr<»si»nt  an  elastic  cord  or  string  tightly 
MrptcluMJ  lM>tW4'tMi  A  ainl  C  If  the  string  be  plucked  by  the 
IhipM',  it  will  ni4»v«>  to  and  Tro,  a.s  shown  by  the  dotted  linc^i. 
VtiwU  to-aiuUfi'o  motion  is  called  a  vibration.    The  vertical 


i^ 


B 


__-.-^C 


E 

distance  \\  1),  or  \\  K,  i*cpi'cs(>nts  the  amplitutle  of  the 
vihi'ati<ui,  and  the  sound  pnuhiced  is  louder,  the  greater  the 
aiiioiiiit  of  energy  with  which  th«^  string  has  bi^*n  plucked, 
or,  ill  othor  wonis,  the  giH'airr  the  value  of  B  D,  or  B  E. 

Vibrations  assume  various  forms  in  solid  oriluid  media,  but 
in  all  cases  the  amplitude  will  be  proportional  k>  the  amount 
of  energy  that  C4iuses  the  vibration. 

AiialOffOUS  Pole— (See  Pok,  AtmUHjous.) 

AllttlyMlH. — The  d(>teriiiination  of  the  conii)osition  of  a 
com|K)und  sulwtance  by  separating  it  into  the  simple  Kub- 
stances  of  which  it  is  comiH>sed. 

Chemical  analysis  is  qualitative  when  it  bimply  ascertains 


WOI[;iK,  THRMS  AN1>  I'HUASES.  2ft 

\  ItUiiN  ..f  «-l-.n.Miliir,v  ciil.slum:^-*  |>ii-si-.il.  II  is  tiuauli- 
vticn  il  iiAi'iTtuiiiH  Ihi'  i'i'1ativ»  proportion<(  in  wliirh  tht; 
it  cuiii)Hini'ntH  enter  iotu  Ui^  ■.■om|H>uiii), 

MSlfMit,   Elcclrlv A.s(!<.Ttiiining  the  composi- 

^of  aslUwbimi^  li,v  ■'tm'trii'ul  ineunn. 

3  prtK^sHPH  luivi-  liifn  {)i-DpOHc(]  for  tipclrif  iinalysis ; 
r  ConiiLfit  cssontiiklly  in  ilKt-omiMiKing  tlie  siilistunc«  b,v 
^n<t  of  nW-lrir  I'lin-oriU.  unil  itire  ntlicr  qiialilalivi!  or 
(Hpv  Klvflrolgmt,  or  Klectrolytic  Vetomixwi- 
».) 

pmeleclroioniiH.— In  ploctro  ihorniK^uULW,  Ihnilwreuseil 
itiatutJ  wtivity  tlint  oii'uw  in  u,  ni-rve  in  the  reiKhbor- 
1  of  th«  .inuilr,  or  [xisitiVH  i>lectnKli:.  (See  Electro- 
«■) 

Hlfc— Th»  ilt^viation  indireclioiilietwf'-ii  tiv.>  hnesi. 
meisiired   by   urts  o(  tir-      e. 
The  ■ngle  nt  B  A  C.  Fig.  1.1,  is  the         \ 

.  vf  tli«   Hlraight  liim  A  It  fioni 
Iji   TfsuHui;   Ihi^  li-ttiwing   v!  uu 
B  the   letlor   i>lu«>a   in  the   miJdie 

mt«s  tlie  »Mgi«   rBferrod  t«.     Thus     

w  thf-  ungtt^  hftwei'u  A  H  " 
I  C;    B  A  n.  UiP  unglc  brtwvrn  ""'*'' 

d  A  D.  A  ngli-^  are  valne<l  in  de^rtwa.  llieiv  l)einj^  •16(1 
in  un  futiri-'  i-i«fumtyrence  ur  t'ireie.  Oejiri-eH  «r<? 
il  thiiB  :  00°.  or  nini'tjr  dngi-pes. 
\ii  emnphinriit  o/  an  angle  is  what  tlie  ikiigle  tu^viin  U' 
>  Hn  vuhii>  80'.  or  >t  i'it;hl.  »M(;lf.  Tlni'«  H  A  R.  i>t  (li>^ 
idnnont  of  tin-  iingle  Fl  A  D.  Riiici'  BAG  +  EAD^9U°. 
tuppUmcrit  i>r»n  Anglo  in  whatUintiugU'ni'^tlNloninke 
180'.*)rl«,.  riBhlanjrle».  ThiisBAHia  the  siipi»l.«- 
H  A  ».  bpi-ju-...  BA  U+EAC  =  180*,  ur  two  right 

iir  Ilrt'llnnltMii   or  Vtii-lnlitin.-Tli"  uti^l'' 


83  A  mcn<>NiJtY  or  ftticnuCAL 

Tho  norvo  and  nniacle  of  a  frog,  connected  by  a  water  ooa- 
turt  with  a  Kiifncienily  delicate  galvanometer,  show  fhe 
pn^soiKM*  of  a  current  that  may  last  seversl  boon.  Do  Bole* 
Urvnuind  s1ic>w«mI  that  tlie  enda  of  a  section  of  mnacolar 
fll)n»M  an'  ni'^tivo,  and  their  aidea  positive,  and  has  obtained 
a  ciirnMii  by  suitably  connecting  them. 

All  iiiuMMilar  contractions  apparently  produce  deotrfc  oor- 
n»nt«. 

Anion.— Tho  oloctro-negaiive  radical  of  a  molecule. 

liHonilly,  Ibo  ionn  ffmsi^nifles  a  group  of  wandering  atoms. 
An  (unim  is  thai  group  of  atoms  of  an  electrically  decomposed 
or  fleet rttlf/sffi  iiiobHuile  which  ap})ear»  at  the  anode,  (See 
Klccti'i  tiff  His.  AwHle.) 

As  tlio  aiKxtois  roiiiKM'iocI  with  the  electro-positive  termi- 
nal (»r  ai  biifterv  or  soiiive,  the  anion  is  the  electro-negative 
rmliral  or  {fvoup  of  atoms,  attd  therefore  appears  at  the  electro- 
fHMtitire  terminal.  A  kathioii,  or  electro-positive  radical,  ap- 
peal's a<  <lie  kathode,  which  is  foniieet<Hl  with  the  electro- 
negative t«>riniiial  «)f  tlie  battery.  Oxygen  and  chlorine  are 
ani<»iis.     Ilydro^eii  and  the  nu^tals  an*  kathions. 

AniNOlropIo  C'Onduotor.— A  conductor  which,  though 
honio^>iieoiis  in  structure  I  ike  crystalline  bodies,  has  different 
physical  properti<>s  in  difr«M*eni  directions,  just  as  crystals 
have  diir«M'tMii  prop«>rlies  in  the  dii*<H;tion  of  the  different 
crystalline  axes. 

Anisotropic  <'ondu<'t4>rs  possess  diireivni  powers  of  eleotnc 
con<hict.ion  in  different  directions.  They  differ  in  this  respect 
from  isotropie  eondnvtors,    (Se«»  Isotrojyu'  Coinliietor.) 

Anisotropic  Ifffedinm. — A  mediuin,  homoj^eneous  in 
structure  like  cr\'stalline  bodies*  poss«>ssin,LC  dilfei*ent  powers 
of  speeifie  imhietive  eapaeittf  in  different  dir(H'ti«uis. 

The  term  is  used  to  distinguish  it  from  an  isotropie  medium, 
(See  Isotvofiie  Medium.) 

Anode* — The  conductor  or  plate  of  a  decomposition  cell 


WOHU6,  TBRHS  AXD  PHRASES. 

Ui«ct«<t   Willi   tlie  [KisiLtvi.-   UrnuDul  uf  u.  baltcrv 

^  That  terminal  of  an  electrio  soiirue  out  of  which  thn  c 

i  jnt«  till*  liquid  of  0.  di^-ompusitioa  L-ell  nr  voltaitipl^i'  ih 
i  the  antidt.     That  tennitial  of  aa  elM'trio  soiii'oe  inLu 
icb  tlin  cuiTnDt  flows  from  a  dcconipoHition  cell  orvolla- 
r  IB  culkil  till!  kathode, 

n  nnoile  is  cnnnucteil  with  Ihe  carbon  or  positive  ter- 

il  of  »  volttuc  liattpry,  and  the  knthode  with  thu  dnc,  or 

pilive  ttfnninal.    Therefore  the  word  anode  hus  but.'n  usmi 

biugnify  the  ]K>sitii'e  terminal  of  un  electric  nourco,  and 

~  I.  the  nejpitive  terminal,  ami  in  lliis  tense  is  oniiiloyed 

ntllj-  in  eltM.-tro  Iherappuliis.     It  Is  preferahk',  however, 

~  rUA  Uie  words  anotlo  and  liulhode  to  those  Icrminuls  of 

a  at  which  i^leotrolysiB  is  takin;;  placi?. 

a  terras  nnode  and  kathode  in  reality  refer  to  lite  elci^trn- 

MpUve  devices  through  whii'h  the  current  Hows.    .Slnt.'e  it 

thai  the  niirrent  Sows  out  of  a  Hourc^  frum  its 

Itiva  polo  or  lernilnul,  anil  biu^k  to  the  soun'e  at  lis  ne^- 

r  tcniiinul.  Hint  pole  of  any  device  ixinnr'i.-led  with 

a  jKite  of  a  HOiiri'e  itt  the  part  b,v  or  al  wiiiuh  Llie 

mt  enters,  and  that  I'onnfcled  with  the  negulive  pole,  tht- 

it  which  It  leaves.     Ueiice,  probably,  the  change  in  the 

hot  tti«  words  already  referred  to, 

«  the  onion,  or  the  electro-nvgaiive  radiual,  appears  at 
\od»,  ft  is  the  anode  at  an  electm-plaling  bath,  or  the 
m  coliDect«d  ■.vith  thri  positive  tei-niinol  of  the  source  that 
solved, 
n  the  term  ufuxftf  was  flret  proposed  by  Faratluy.  vol- 
iten««  were  llic  only  available  electric  source,  auil 
I  rt/erred  onlji  to  Ihv  imaitive  teriamal  of  a  voltaic 
y  wlmn  plamd  in  an  ekctnilyte. 

i*4lo  Opening  f^on Cranio n,— The  muscular  cim- 
1  oltMrX'rd  on  the  openinj,-  ot  a   volln.u-   i-ircuit.   tin? 
i(  which  Is  placed  over  a  nerve,  ami  tiiu  katliodi^  at  soitii; 
r  put  of  the  body. 


S3  A  DlCTlONiJlY  OF  fiLSCTRlOAL 

The  nerve  and  muscle  of  a  frog,  connected  by  a  water  oon- 
tat^t  with  a  sufficiently  delicate  galvanometer,  show  the 
pi*csenee  of  a  current  that  may  lost  several  hours.  Du  Bois- 
Hoyniond  showed  that  tlie  ends  of  a  section  of  muscular 
flbroa  are  negative,  and  their  sides  positive,  and  has  obtained 
a  current  by  suitably  connecting  them. 

All  muscular  contractions  apparently  produce  electric  car- 
rents. 

Anion.— The  electro-negative  radical  of  a  molecule. 

Literally,  the  term  ion  signiflesagroup  of  wandering  atoms. 
An  anion  is  that  group  of  atoms  of  an  electrically  decomposed 
or  electrohfued  molecule  which  ap})ears  at  the  anode.  (See 
El€ctri)ly»U.  Anode.) 

As  the  anodfj  is  connected  with  the  olectro-positive  termi- 
nal of  a  batlerj'  or  source,  the  anion  is  the  electro-negative 
radical  or  group  of  atoms,  and  therefore  appears  at  the  electro- 
positive terminal,  A  kathion*  or  elwtro-positive  radical,  ap- 
pears at  the  katliode,  which  is  connected  with  the  electro- 
negative tcrniinul  of  the  battery.  Oxygen  and  chlorine  are 
anions.     Hydrogen  and  the  iiiftals  are  kuthions. 

Anisotropic  Conductor.— A  conductor  which,  though 
homogeneous  in  structure  like  crystalline  bodies,  has  different 
physical  proporti«»s  in  different  directions,  just  as  crystals 
hav»^  different  properties  in  the  direction  of  the  different 
crystalline  axes. 

Anisotropie  conducts u-s  possess  <lifferent  powei"s  of  electric 
conduction  in  different  directions.  They  differ  in  this  respect 
from  isotropic  conductors,    (See  Istttroinc  dnuluctor,) 

Anisotropic  Ifffcdlnm. — A  medium,  homogimeous  in 
structure  like  ciystalline  bodies,  ]>oss4'ssin.L;:  difr<»rent  i)owers 
of  specific  indnrfive  ctipacitff  in  <lifrerent  tiirections. 

The  term  is  used  to  distinguish  it  fi-oni  an  isotropic  mediant, 
(See  IsotTopic  Medium.) 

Anode* — The  conductor  or  plate  of  a  decomposition  cell 
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Bi(K'U-iI   Willi   tlic  iKJHJtivu  lerminul  uf  a  liatttTj.  <>i- i.illu.'r 

lut  tnrminal  of  im  Ktectriu  source  out  of  vthich  the  currcul 
n  into  the  liqiiiil  of  a  dopomposcljou  cell  nr  voltaiiieter  is 
1  the  anoOf.  Thiit  (ermiiuil  of  an  el^-tric  Bourctt  into 
h  Uie  current  flows  fnrM  a  ileoom  posit  ion  ce\\  or  voltn- 
r  in  dolled  thn  kalhode, 

»  nnodu  is  ixiuiii!ct«tl  with  Ilie  carbon  or  positive  lei'- 
tl  of  a  voHok  bntt^ry.  nnd  tht-  katlioile  witli  tlie  xino,  or 
Aive  terminal,  Therefore  the  woril  anode  lias  been  useil 
aily  the  poHitive  terminal  of  iin  elcctriu  sourLis,  unil 
It:,  the  nof^ulive  terminiil,  and  in  (his  sense  is  employed 
rally  in  ulet'trci  theniiwiilies.  It  is  prefemblo,  liuwever, 
:t  tb(!  wuril>i  unudi*  ami  katlioile  lo  those  tei'minuls  of 
le  at  which  rlni-troi.vsis  ia  taking  [ilace. 
^  'Th«  terms  ftnodc  and  kathode  iu  realttj-  refer  to  (he  electro- 
rccepUve  devices  through  which  the  current  flows.  Hinoe  it 
M  aaiiumed  thftt  the  current  flows  out  of  a  source  fi'oni  its 
limiUvv  pifle  or  terminal,  and  hock  to  the  source  at  its  aega.- 
lire  poltr  or  leriuiniil,  that  jioh'  of  any  device  oonnei'teU  wilh 
the  positive  pole  of  a  source  is  tho  pai't  by  or  at  ivhii:h  (he 
I'lirrent  enters,  and  Ihfit  connet-le<l  with  the  negative  pule,  the 
part  at  which  it  lenvett.  Hence,  probably,  the  I'liangt^  in  the 
t  the  words  iilreaily  I'efei'red  lo. 
IniJe  ttia  anton,  or  the  eketro-negatioe  i-aillcal,  appears  at 
tte,  it  It  the  anode  of  an  eleftro-ptating  buth,  oi-  the 
ic  connected  '.vitb  the  positive  lerminal  of  tlie  Ruurcetlial 
M>lvod. 
in  the  term  anode  was  first  proposi^d  by  Faraday,  vol- 
sri*»  wc-r<!  (he  only  available  electric  source,  and 
TB  TtftTTcd  unl]i  1(1  Ihv  tiiisilive  tfrminal  of  «  r-oWnic 
y  tehen  ji/ort'i/  in  an  electrulj/tt. 
MQtfle  Opvnitic  Conlracllon. — The  muscular  i:(id- 
I  observed  on  the  opening  of  a  voltaic'  Hrcinl,  the 
h  iti  placed  ovei'  a  tiei've,  and  the  katlioilc  .it  sonio 
:t  of  tike  body. 


Thia  lerm  in  geuerally  wrilt«ii  A.  O.  C.  When  tlie  arxxte 
JRplaL-vd  over  a  ticrve  onil  n  wi^ak  run'ent  is  eni|iIoy)Hl,  il  Use 
drcuit  be  kcjit  rIoHeil  for  n  fnw  ininiilGs,  it  will  be  m>tjc«d 
thai,  on  u|H>uiiig.  the  coiitnu-Uon  will  be  umdi  (jreuter  than 
if  il  hiul  been  (iprneil  oftcr  heing  dom^tl  for  only  a  few  secands. 
Tlio  cffei'l  of  llip  A.  I>.  C.  therefore  depenils  not  only  nn  lli» 
current  kIi-i}I]^Ii  biitahu  on  ttie  time  iluring  which  the  c 
ivnl  liiis  tJa^oii  thruufe"!]  the  nerve, 

Annunclnlor,  Eloeiro*lllavneilc An  electHu 

liovico  for  iiulomiilicully  intHcivting  the  placeo  at  which  one  oi 
iHoif  oli>elni-  i-onlacts  have  iieen  dosed. 

Anuiitic'iuldiTi  all?  einployeil  for  u  vjvriely  of  imrpoai*.  In 
hotels  thi<y  are  usct)  for  indii-atlng  the  number  ot  ft  room  ' 
occupnnt  wf  which  desires  some  service  whluh  he  Bignill«»  by 
pushing  a  hiitlon,  thus  closin);  tvn  electric  circuit.  This  is  In- 
dtrntcid  or  announced  on  the  anouncifttor  by  the  [ailing  of  a 
drop  on  which  is  printed  a 
number  corresponding;  with  tlM 
room,  and  the  nuKiuj;  of  a  botl 
to  notify  the  ullendiinL  The 
niimlH<r  is  mloaseil  liy  the  itction 
of  llie  armature  of  iin  electra- 
mngnet.  Tho  drops  urt?  replaced 
in  tbeii'  form«r  position  by  Min« 
iriFt-lmnieiil  device  operated  by 
the  hand.  In  the  pitice  ofAdrop  ' 
a  needle  is  M>Tnelimi>s  Med, 
which  points  lolbe  nmnb»ral|^ 
nnlhnp,  by  the  allracUon  of  Ui^ 
armalui-e  of  on  elwlro-magu 
Annunciators  for  houem.  bur- 


g'lnr-alarma,  Hra-akrr 
tors.  etc. ,  ar*9  of  tlie  aiu 
(lonatniclion. 
annunciator  suitable  for  >i»o 


,   i-Iew 
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iiIhth  -JH  mill  M  iire  represented  its  liuviiiis  Ih'oh 
■roppiHl  by  Uie  closinj;  ot  the  circuit  connected  with  lh<?m. 
AnaiNHlou*  nninct.— A  magnet  possesstnjj;  inoi'e  Ihuu 
n  free  pole;!, 
\  Ttwre  is  uu  such  thing  its  a  uni|>o1iti-  magnet.    All  magnets 
CI  pules.     S»mcti[ne!i,  however,  aevei'ol  inugnels  nre 
D  graupeil  that  there  Appear  to  be  more  than  two  pules  in  Uie 
o  magnet. 


k  Thns,  in  Fig.   13,  the  magnet  ABC  appears   to  poHsesa 

e  poles,  Civo  |KmiUve  poles  at  A  und  C,  and  ii  lentral 

ath-e  pule  ul  B.  • 

I-  H  Is  clew,  however,  that  the  centrnl  pole  is  in  ren.lKy  formed 

t  two  jnxtaposed  negative  poles,  and  fhnt  A  U  C  actually 

wo  inagnela  with  two  poles  to  eiifli. 


[  Tbo  itingTiPt  A  n  L-  I),  Fig.  ID,  which  In  ljki<  manner  up- 

■n  to  priHM-s*  four  separate  poles,  in  reulily  is  formed  of 

e  mugn<-t»  Willi  two  |Ki|es  to  eaeh. 

^Slii«  .mlike  n.,ignetk  poles  neutralize  euch  other,  it  is  clear 

'  only  simibr  pules  eno  thns  be  plaoed  together  in  order  to 

«  adilifioniLl  magnet  pottos. 


A  vacnmAXT  or  ELEcntiCAi.  ■ 

Th«  six-pointed  star  ehoim 
ID  Fig.  30,   is  Bn  anomalouii 
magnet  w  ilh  u  pparent  l_v  sevpo 
poles.     Tlie  (ortnnttoo  of  tbe 
cvntiBl  N-pole,  as  in  vviJent 
5  from    an   inspection    of   the 
wing,   is  due   fo    the    six 
■epantn  north  point,  «,«,■!, 
n,  n,  n,  ot  the  mx  sepoi«te 
magneta  Sn,  ^  etc     Sodi 
a  magnet  would  be  formed 
Ftg  X       S  by  touching  the  atar  iit  the 

point  N  with  the  S-pole  of  a  sufHdently  powerful  magnet. 

Th-s-e  extra  poles  are  somcljmes  called  coneequetit  poiet. 
Their  prenencc  may  be  shown  by  means  of  acompass  needle, 
ur  by  rolling  the  magnet  m  iron  lllings,  which  collect  on  the 

Antl-Inducllon  Conduclor.— A  conductor  so  con- 
Htnicted  IIS  to  avoid  injurious  inductive  elTects  from  neighbor- 
ing telegraphic  or  electric  light  and  power  circuits. 

Such  anti-induction  conductors  generally  consist  of  a  con- 
ductor and  a  metallic  shield  surrounding  the  conductor,  which 
is  supposed  to  prevent  induction  taking  place  in  the  wire  itself. 

The  anti-iuduction  conductor  sometimes  consists  of  a  con- 
ductor enclosed  by  some  form  of  metallic  shield,  which  is 
BUpponed  to  prevent  the  action  of  electrostatic  induction. 

Anlllogoui  Pole— (Sen  P<Ae,  Antilogowi.) 

Anvll>— The  front  conUct  of  a  telegraphic  key  that  limits 
JlH  motion  In  one  direction.    (See  Telegraphic  Key.) 

A<  O.  C— A  contraction  used  in  medical  electricity  for 
.■iMOflic  0}K»inii  Conlractum.  (See  Anodic  Opening  Con- 
l,;wtio„.) 

AliparaiUM,    liilerlockiug {See    Interlocking 

Apparatua.    Block  S]/atem/or  Ratiroada.) 
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Arni^o'ft  Disc.— <See  Disc,  Arago's.) 

Arc  L«anip,  Electric (See  Lamp,  Are,  Electric.) 

Arc*  Metallic A  voltaic  arc  formed  between  me- 
tallic electrodes. 

When  the  voltaic  arc  is  formed  between  metallic  electrodes 
instead  of  carbon  electrodes,  a  flaming  arc  is  obtained,  the  color 
of  which  is  characteristic  of  the  burning  metal ;  thus  copper 
forms  a  brilliant  green  arc.  The  metallic  ai*c»  as  a  rule,  is 
much  longer  than  an  arc  with  the  same  current  taken  between 
carbon  electrodes. 

Arc  Bficromcter. — (See  Micrometer,  Arc.) 

Arc,  Toltaic The  brilhant  arc  or  bow  of  light 

that  appears  between  the  carbon  electrodes  or  terminals  of  a 
sufficiently  powerful  source  of  electricity. 

The  source  of  light  in  the  electric  arc  lamp. 

It  is  called  the  voltaic  arc  because  it  was  first  obtained  by 
the  use  of  the  battery  invented  by  Volta.  The  term  arc  was 
given  to  it  from  the  shape  of  the  luminous  bow  or  arc  formed 
between  the  carbons. 

To  form  the  voltaic  arc  the  carbon  electrodes  are  first  placed 
in  contact  and  then  gradually  separated.  A  brilliant  arc  of 
flame  is  formed  between  them,  which  consists  mainly  of  vola- 
tihzed  carbon.  The  electrodes  are  therefore  consumed,  first, 
by  actual  combination  with  the  oxygen  of  the  air,  and,  second, 
by  volatilization  under  the  combined  infiuence  of  the  electric 
current  and  the  intense  heat. 

As  a  result  of  the  formation  of  the  arc,  a  tiny  crater  is  formed 
in  tlie  end  of  the  positive  carbon,  and  appears  to  mark  tho 
point  out  of  which  the  greater  paH  of  the  current  flows. 

The  crater  is  due  to  the  greater  volatilization  of  the  elect- 
rode at  this  point  than  elsewhere.  It  marks  the  position  of 
greatest  temperature  of  the  electrodes,  and  is  the  main  source 
of  the  light  of  the  ai*c.  When,  therefore,  the  voltaic  arc  is 
employed  for  the  purposes  of  illumination  with  vertically  op- 
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liqnida,  it  flouts  with  part  ot  llio  tube  out  of  the  hqiiicl. 
The  lighter  the  hiimd  the  e mull er  is  ifac  portion  that 
remains  out  of  the  Itiiuid  when  the  inatrtnnent  Doats, 
The  spei'ille  gmvily  is  deteriiimed  by  observing  the 
tiefilh  to  winch  il  sinks  when  placed  in  different  Lquids, 
as  compared  with  the  depth  it  sinks  when   placed   m 

Argnnal  Llitliter.  Electric An  declrio 

device  for  hghliug  the  gas  by  pulling  a,  pendant  B, 
Fig,  23,  after  it  is  lunteil  on  by  hand. 

The  gus  IS  ignitcil  by  means  ot  un  electrio  spiirk 
cbtiiined  from  the  eJ:tTa  carreat  ot  u  upark  coil.  (Si-e 
i.'urrtnt,  Ei.'tra). 

Tulvc    Barnor, 

A     burner    m 

the  puUitig  of  the  hall  B, 

n  and  hg^A  the 

hile  the  motion  or  the  shdi 

i.-xtjafniishes  it. 

In    some   formit   o 

seeoiul  pulHng:  of  tho 
hull  B,  turns  off  the 
gas. 

Armniurt.-.  —  A 

raosHof  iron  or  other 
mag  net  liable  mule  ri- 
al plai'ed  on  or  near 
the  pole  or  poles  of  ii  f,g^  n_ 

luse  1^1  a  peniiuMeiif   magnet  the  avmiiture,  mIii;ii 

keeper,  is  o[  soft  iron  and  is  pla>:eil  diret'tly  on  the 

poles.      In   this   cikse    it    preserves    ur    keeps    the 

by  closing    tlie    linr»  uf   magnetic  /iirce  of  the 


..^•einent  is  made  against  the  a 
sjr  weights,  so  that  on  the  loss  of  mag'netisn 
tlie  armature  moves  in  the  opposite  dlrectiori 
Permanent.     Krrprr  nf  Mmjuet.) 

Whrii   th«»  aiiniitun'  is  of  soft  iron  it  mov 
ma^n«»t  on  th«'  <'ompletion  of  tho  droiut  thn)u^ 
matter  in  wiiat  direction  tho  current  flows,  am 
a  mm-polarized  armature.    When  made  of  steel, 
electro-magnet,  it  moves  towards  or  from  the  pc 
to  whetlier  its  poles  ai*e  of  the  same  or  of  diflfe 
Such  an  armature  is  called  a  ^yolarized  annaturt 
ature,  Polarized.) 

Armature,  Dynamo^— —The  part  of 
electric  niachme  in    which   the   useful  current 
rated. 

The  armature  usually  consists  of  a  series  of  a 
lated  wire  or  conductors,  that  are  wrapped  around 
on  a  central  core  of  u*on.  The  movement  of  thi 
conductors  through  the  magnetic  field  of  the  m 
duces  an  electric  current  by  means  of  the  eleciro-n 
so  generated.  Sometimes  the  field  is  rotated ; 
both  armature  and  field  rotate. 

The  armatures  of  dynamo-electric  machines  nr 
variety  of  forms.   They  may  for  <v>»»-  - 
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?wu-,aiiit  multi-polai'  armaluren.     (See  Dipiawo-Eh'elric  J/ii- 

t  The  term ai-Rifitiire  hs  applied  toa  d^namo-clectrii.'  machine 
«  derived  from  the  fupl  lliat  the  ii-on  core  acte  to  inugnel> 
m\y  cnnncct  the  twn  poles  of  the  lirlil  magnets  as  nn  ordi- 
y  arnialui'e  doc)*  ihe  \mU-s  uTu  magnet. 
,_  Arnaturei  of  llollz  Machine— iV  brnily  i-hosen  ti.'i-m 
v  the  {lieeea  of  paper  od  the  stationary  plutti  of  the  HnU;;  anil 
aii!>r  Hiiiiitur  miuhines. 


■e,  Polnrlzcd An  ammttire  that  pos- 

9  «  polarity  luUepciKleiii  of  llial  imparted  hyllie  mng:- 
t%  pole  near  whicli  it  is  placed. 

""n  fMmianent  niugnets  tlic  lirmatiires  are  niaile  of  soft  iron, 

t  UiKFefore,  by  iudiictidn,  become  of  a  polarity  opponile  to 

f  tbe  tnugDet  poles  lliat  lie  nearest  them.     They  have. 

3t«,  onU'  a  motion  of  attraction  towai'ds  such  pules. 

tduction,  Magnetic.) 

V  cliKlro-nia^ets  the  armatiirest  may  either  be  made  uf 

n  whicti  tiase  thoy  are  altrjeleil  only  ou  the  piissufff 

9  Ciirrrnl :  or  they  may  bo  formed  of  perniaueiit  ateil 

or  may  be  electi'o-niagiiets  thcnaaolves,  in  whieh 

Bmagc  of  the  current  through  the  coils  ot  the  elec- 

t  or  eleeti'O-magnets   may  cause  either  atli'ai'Uon 

m  Mvordingas  the  odjtu'ent  poles  are  of  opposili; 

rfty  or  we  of  the  same  jmlarity. 

irmaiare  Colli)  Dynamo The  coils  of  wire 

e  Dynanio-EleMric  Uachiac,  Armahire  Coil*.) 

I   Core,  Dfnamo The  cow  of  iron 

vhich  tlic  armature  coils  are  wound  or  dis|MVH!<l. 
e  Dgtmmtf-Kkctric  Machine,  Armature  Carta.) 

,«r  OfCnblc— Tlie  proteeting  sheathing  or  melnlllc 
n  the  oiitciilc  of  .1  submnrine  or  other  electric  (■n.liU-. 
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Arms  otBrMge  or  of  Elee- 

Iric  Balunvc.—The  clecli-ic  re- 

sistancia   in  a.n   ap|mru,tiia  for  the 

P  t[K'asiLiX'tiit!lit  uf  reaistancte,  known 

as  Wlieatstone's  Bolanre  or  Briilg&' 

All  uaknowii  rfsistiincc,  such  t 
exiLiiipU!,  ua  that  ut  D,  Fig,  25,  It 
nieiLsui-cd  by  so  pi-opot'liouiDg  th& 
known  leHiBlantes  A.  C.  and  B, 
timt  no  current  Hows  tlii'oug'h  th8 
Ftg.  ss.  galvunometer  O,  aei'oss  the  cii-cidt 

or  bridge  M  G  N.     (Spr  Balatu-e,   Wlitatntone'i  Elrctric) 

Arms  or  Bruckets,  Telcitraphlc ArmB  or 

brackets  placi'd  on  It'leg'raph  polps  foi'  llie  support  o(  the   iH' 
uiiliilors.    (See  Bracketn  <ir  Arms,  Telegrajihic.) 

Arrciler,   LlgfatDtiiK A  device  for  prat«ctiii| 

inBtminenIs  on  any  line  from  distiirbunce  by  ti(;iilain^.  (SM 
LiyMning  Arrrsler.) 
ArtinciHl  Carboiii. — (-Si-t-  Carbons,  ArtiJIciai.) 
ArUaciHtUlum>nallon,—{iiiii^  lt!uminalum,ArtiJickU,] 
ArllBclal  Magncis.— Any  luagnet  not  formed  naturallj^ 
All  tnag'nets  oilier  than  magnetic  iron  ore, 
inelem-ic  ii'on.    (See  Magnetii,  Artificial. > 

Artlciilalv  Speech, — The  successive  tones  of  th«  h 
voice  that  are  necessary  to  produce  intelligible  words. 

The  phrase  articulate  speech  refers  to  the  joining'  or  atlfi 
(.■Illation  of  the  successive  sounds  involved  in  speech.  Tt 
receiving  diaphragm  of  a  telephone  is  causeii  to  reprodut 
the  articulate  speech  uttered  near  tlietraosruitting  diaphragm. 
Asphyxla.--8uspended  I'espiratJon,  resulting  eventuiUly  in 
death,  from  the  non-aeration  of  the  blood. 

In  cases  of  insensibility  hy  an  eteotric  shock  a  species  <A, 
Hsphyxia  is  sometimes  brought  about.  This  h  due,  probably, 
to  the  failure  of  tlie  nerves  and  muscles  that 


Ttw  cxiict  maimer  la  whlcU  dealli  by  oloctricul  iilioi'k 
mils  b  not  known.    (See  Dtath,  Elcctrieal.j 
buuic  CUrculli.— (See  Circuil*.  Anfalie.) 

tic  K«edle<— A  mu^etic  needle  coiisiisling  of  inn 
s  ri^dly  conn^rlnil  togclhcr  itui]  placed  parallel  ikiiil 
■  over  iswh  (illii^r,  wiUi  oii|)oaile  poles  opposed. 
Bfcillr  is  shown 


I^.  20.    The  I 


iu  tlii'ii 


r  tuae- 


?ni-lly  (tppused 
i.irilie*,  iind  are  rigidly  c 
i.fiiwl  lox^ther  by  meLin 
liie  axis  a  a.  So  dispo: 
tbi*  ivto  nio^Pts  act  a 
ri-ry  Mcak  siiiglo  nei 
Wlipn  ploLvU  in  a  niog'netii 

Ftll.K. 

thf  Iwo  magnets  N  S,  and  S'  N',  of  exat-tly  equul 
,  wiUi  UiHr  polcH  pla4.'cd  ia  exactly  Ihe  Hanie  ver- 
•,  tbny  would  eumpleUjly  iieiitrolize  ea<;h  otbcv,  iiiiU 
«U«  wuiilil  httvs  no  tlirective  ti-ndeni'y.  Sutji  a  ayslem 
rm  ku  Mtatie  Pair  or  Couple. 
Uw  it  in  iiupoasiblR  to  do  this,  so  that  tlie  needlw  has 
1!  tcndi-tiry,  whifh  ia  often  tasl  uiid  wtst. 

of  the  east  and  wtst  dii*rtive  tendency  of  iiii 
ilaut-i-d  lutuiic  system  will 
ntowtllrLini  nn  iiiupwlionof  Fig. 
I7nln<8  Uip  two  nei.-il1es.  n  a,  and 
w  «xiutlly  ()iipiMti>d,  tlipy  will  form    ' 
gl*  abort  nia^et.  N  N  N  N.  S  8  S  8, 
%  (if  whicb  are  on  ihe  sidc«  of 
Ths  system  pointinj;  with 
B  doe  K.  nnd  S.  will  nppenr  lo  lia' 


it  und  west 


i/jp  Vjiluahli-  itro(>prty  ol  vM\vvff- 
rff /fi'<-(  (t  lliun  a  Kiiigle  tt««d\n  irtttx 


more  powerfol  poli 
reversed  at.  *!;..:  ,  r 

The  priiK 
ramomeler,  . 
an   electrit    i   i '  i  •  < 
needle.    Tti 


X  McnOsAaT  cv  EunucAt 


Its  nn^etisni  i»  not  «a  muQ;  IosI  of 

a'tl.itn:  n«d]e  is  in  the  valalie  fial' 
I  '-.iln  isdeOnted  bjr  tbepMsagCOt 
■■■^■li  a  condnrtor  placed  near  tbft 
riilent  Umt  oa«  v(  the  ae^l«s  mwrt 
be  outside  and  the  other  icsiife  the  cofL  In  lh«  most  sessi- 
tire  form  «t  jrt>)nuio<ua<er  there  is  kIso  »  coD  KUiroundlne 
the  upper  n-"'-'".  ■'•'  'wo  .-oils  bpin^  <ip|N»itelv  txtnneded.  an 
that  the  tie  '     ■  -h   nfmil.Bis  in  the  same  dii-ectioo. 

and  the  de  i~  •'i^inkl  to  Ih-^  sum  of  Uie  two  rotli'. 

while  tlip  directive  power  of  the  needlm  is  tba  (BfllenaM 
of  tlieir  nia^etic  intensities. 
In  the  astatic  system,  shown  in  Fig.  S7,  the  current,  en- 
tering at  -|-  and  Sowing:  out  at  — , 
flows  above  one  needle,  S  N,  and  below 
the  other,  S"  N',  and  therefore  de- 
flects t>oth  in  the  same  direction, 
since  their  poles  point  in  opposite  di- 
rections. 

In  some  galvanometers  a  varying 
degree  of  seneitiveness  is  obtained  by 
me.ins  of  a  magnet,  called  a  com- 
jiennating  magnet  placed  on  an  axis 
^9-  "■  above  the  magnetic  needle.    Aa  the 

compensating  magnet  is  moved  towards  or  away  from  the 
needle  the  effect  of  the  earth's  field  is  varied,  and  with  it  the 
senHitivcness  of  the  galvanometer.    Such  a  magnet  may  form 
with  the  ncedleanastaticsystem.  {Si!eCinn]>ensalingMagnel.) 
(Sec  Oalranonteter,  Aatatie.    Oalvanomtler,  Mirror,    Mid- 
tiplier.  .Hehireigger't), 
A«tstlc  Galvanomolcr.— (See  Oalvanoimter,  Aatatie.) 
Aitsltc  Syilem. — A  tern)  applied  to  an  astatic  combina- 
tion of  magnets. 

Aty  mptote.— A  curved  line  that  continually  approaches  a 
straight  line  but  never  meets  it 


k  Fig,  28.  ihe  ns.vrnpiote CVc 

n  the  linr  y  I,  Iml  nfvcr  tiiprls  il. 
This  niatlieiiMtioiil  i.-ont.t.-ptioa  is  Iiki.'  a 
'  .((iii>  which,  ulthoiigh  i-oiutanlly  I'eihii'eil 
I  I  iint^lutlt  at  Its  former  valup,  is  neviT-  - 
li^lesd  uvv«r  i^dmetl  Ui  ecro  or  no  vtilue.        '       pfg.  -a, 

limoapliere,  The The  ocean  of  uir  that  siir- 

iiiln  (lie  parth. 

Til"  utitioHpliere  isi-omposeil.  by  vruight,  of  oxygen  23 purU. 
iiitroKi'n  77  [KirU,  curboniL-  iic-iit  gaa  rroni  4  to  fl  parts  in  lO.INHI 
r  iihnut  n  mblc  inLh  of  cju-bonit;  mid  lo  a  uubk-  foot  of  uii), 
"';:fO»'r  with  varylm,"  pruportionM  of  the  vapor  o£  wtiter. 

ticsiiii^  lh«w  I'un^tiint  in^ritlients  there  are  in  nuist  lix-aili- 
■!■•>  H  iiiimlHT  of  other  siil)stan<-«s  )ii'Li(eiit  as  impurities. 

itoiaaplieret  An A  pressure  of   n  gas  or  Quul 

njuul  Lo  aliout  !■'>  pounds  to  the  square  inch. 
^I  tlw  hfV"}  of  the  sea  the  utiuusphere  exerts  a  preKsuru  of 
ll  1S[WUU(U  avoirdupois  on  every  iiqiiare  ineh  of  the  etii'l  ti's 
This  has  tlierefore  been  taken  as  a  \iinl  ot  lluiil 

or«  accurate  me&stirenients  pounds  to  Ihe  square  inch 
■■tnploycd. 

ptnoapheric  pressures  arc  measured  by  instruments  called 
•m*t«rii.     (See  ilanomeler.) 

ft|aHWpher«,    RcMdual The  truce  of  air  or 

IT jfas remainingin  aspiii'e  which  hiia  lieen  exhausted  of 
a  fonlcntK  by  a  pump  or  other  lueuns, 
KbBkxt  to  impossible  lo  remove  all  troc-ea  of  air  from  a 
ll  by  Boy  known  form  of  pump  or  other  applianc«.    (See 
iMiH.  Abtolvle.) 

■<Hpfaorlc  Gleclrlvltr.—Ttie  free  electnclty  iilmust 
n»y»  present  In  llie  alnios[ihfre. 
le  tt«e  rlt^ctniity  of  lh<'  ntiiiospliere  itt  (fenerully  posiUvp, 
ins'iN  til  negative  on  ilie  approach  of  fogs  and 


onevr  wheu^^^ 
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clouds.  It  icxiuls  in  greater  qtmntJty  in  th<^  higlift 
the  air  than  nvar  the  earth's  siirtatm.  It  is  stron^'r  whCftlB-- 
air  is  still  tluin  when  the  wind  is  blowing.  It  a  NUbjed  U^^ 
yeaa'ly  and  ilaily  cliinigps  in  its  intensity,  being  stronger  lo 
winter  than  in  summer,  anil  at  the  middle  oF  the  day  thu 
either  at  the  beginning  or  the  close. 

Atmotpliorlc  Eteclrlcllj-,  Origin  of The  m- 

act  t'ause  of  the  rr<_'e  electriaty  of  the  atiuoKjihcre  ib  mi- 
Peltier  a»t-i'ibcs  the  cause  of  the  free  slectrit^ity  of  the  •(■  i 
mosphere  fo  a  nefo^livel.v  exdied  eartli.  which  dmrgcs  the 
atmosphere  by  indueliim.  (See  Inductian,  Electra&taiici 
It  ho-s  been  osciibcd  to  the  evaporation  of  water ;  to  the  con- 
densation of  vapoi-;  to  the  friotionof  the  wind  ;  lo  the  motion 
of  teiTeslrial  objects  throiigli  theearth's  magnetic  field  ;  to  in- 
in  and  other  heavenly  bodies;  to  differ- 
e  1  to  combustion,  and  to  gradual  oxida- 
nimal  life.  It  is  possible  tliat  all  these 
ne  effect  in  pi-oducing  the  free  electricity 


notion  from  the 
cnces  of  teniperali 
tion  of  plant  and 

of  the  atmosphere 
Whatever  theca 


of  the  free  electricity  of  the  atmosphere 
there  can  be  but  little  doubt  that  it  is  to  the  condensation  of 
aqueous  vapor  that  the  high  difference  of  potential  of  the 
lightning  Hash  is  due.  (See  Differeneeof  Putealial.)  As  the 
clouds  move  thi-ough  the  air  they  collect  the  free  electricity  on 
the  surfaces  of  the  minute  drops  of  water  o£  which  clouds  are 
composed,  and  when  many  thousands  of  these  subsequently 
collect  in  larger  di-ops  the  ditTercnce  of  potential  is  enor- 
mously increa-ied  in  consci|uencc  of  the  eijually  enormous  de- 
crease in  the  surface  of  the  single  drop  over  the  sum  of  the 
surfaces  of  the  coalescing  di-ops. 

Atom.— The  smallest  quantity  of  elementary  or  simple 
matter  that  can  exist. 

The  ultimate  particle  of  matter. 

Atom  means  that  which  cannot  be  cut.     It  is  generollj 
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Five,  are  called  Pentads,    or  Quinquivalent. 
Six,       •*        •'     Hexads,      ••  Sexivalent 
Seven,  *'       ''     Heptads,    **  Septivalent. 

Atomic  Welyht«— The  relative  weights  of  the  atoms  of 

oloriiontarv  substances. 

Siiu'o  the  atoms  are  assumed  to  be  indivisible,  they  must 
unite  or  combine  as  wholes  and  not  as  parts.  Although  we 
1  an  not  (letormiae  exactly  the  actual  weights  of  the  different 
eloniontury  atoms,  yet  we  can  dctermme  their  relative 
weights  by  ascertaining  the  smallest  proportions  in  which 
any  two  atoms  that  combine  atom  for  atom  will  umte  with 
earh  other.  Such  numbers  will  represent  the  relative  weights 
of  (he  atoms. 

Atomixatlon.— The  act  of  obtaining  liquids  in  a  spray  of 
finely  divided  particles. 

Atomizer. — An  apparatus  for  leachly  obtaining  a  finely 
divi  Ji'd  jet  or  spray  ol  hquid 

A  jet  of  steam,  or  a  blast  ol  a«r,  is  driven  across  the  o|)en  end 
of  a  tube  that  dips  below  the  surface  of  the  liquid  to  be  atom- 
ized. The  ])artjal  vacuum  so  forme<l  draws  up  tlie  liquid, 
which  IS  then  blown  by  the  cui  rent  into  a  fine  spiay. 

Attracaed  Disc  Electrometer.— (See  Electrometer, 
Attracted  Disc) 

Attraction.— Literally  the  act  of  drawing  to|retlier. 

la  science,  a  name  for  a  series  of  unknown  causes  that 
effect,  o/  are  assumed  to  effect,  the  drawing  togetlicr  of 
atoms,  molecules  o»-  masses. 

The  phenomena  of  attraction  and  repulsion  underlie  nearly 
all  natural  phenomena.  While  tlieir  effects  are  \Neli  known, 
It  IS  doubtful  if  anything  n  definitely  known  of  their  true 
causes 

Attraction,  Atomic. (Sec  Afflnity,  ChemicaL) 

Attraction,  Electro-Dynamic —The  mutual 
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•tunUon  al  eJeL'lrii.'  oiifi'ents,  or  ot  I'onductorB  through  wliich 
cJi.Mrici.urn,ms  ;u^.  luuuttng.     (See  EUdro-Dynamies.) 

■""■cUoB,   Eleclro-Hagncllc Tho  mutual 

""nK-lion  iif  Uie  unhke  poles  of  electio-niagneta.     (See  Elcf- 

AdticUon,  Elcclrostailc Tlie  mutual  attrac- 
tion cie/tei]  betiTcen  unlike  eleclj'ii;  clinrges,  or  bodieii  pos- 
"■•"inK  unlike  electric  ctiurg^s. 


fig  K 


iplu,  the  pitli  ball  supported  on  an  insulaUiU  string 
Ktrac-tcd,  ns  shown  ut  A.  Fig.  2tl,  by  a  bit  of  sulphui-  which 
I  been  briskly  rubbed  by  n  piece  of  silk.  As  soon,  liowever, 
It  li>uche4  the  sulphur  ami  receives  u.  charge,  it  is  repelled, 
nhown  at  B.  Vi};.  30u. 

rhM0  attractions  anil  repulsions  lire  Uue  to  the  efTecls  of 
Indiielion.    iSec  Induction,  Klectrostatic.) 

AUmCllon,  nugneilc The  mutual  attraction 

irtnl  between  iin1ik«  magnet  poles. 

Uaifuttia  atli'actiotis  iind  rapulsiuns  arc  best  shown  by 
Uia  or  the  magatUe  ntiedlr  N  S,  shown  in  Fig.  30.  The 
pule  of  an  ap|iroaclu:il  magnet  attracts  the  S.  [»ole  ol 
mirflr*"'* ""."'"  tlieS-  poln. 
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T\it'   l:tws    of  iiui;rn»*ti«.'  attraction  an<i    rppulsion  mav  be 
.sl;it«'»l  ;l•^  fallows,  viz.: 

<])  Magnet  poles 
of  the  same  polarity 
repel  each  other. 

(3)  Magnet  poles 
of  unlike  names  at- 
tract each  other. 

A  small  bar  mag- 
net, N  S,  Fig.  31, 
laid  on  the  top  of  c 
li^ht  vessel  floiiting  on  the  surface  of  a 
iKpiid,  may  be  readily  employed  to  illus- 
(I'utf*  tin*  laws  of  magnetic  attraction  aad 
n'pulsion. 

Attraction,  Hats  or  Holar 

IJrilviliilion. — The    mutual    attraction    exerted    between 

iHiiuqpq  nf  rniifti-r.     (S<m»  (travUalUm.) 

Attraction, 


fif/.    w. 


»i 


1 


.■»  . 


/ 


Th«»  tnuf  ual  iittniction  exerted  between 
mi»l«M'ii|rs. 

ThiMiMriiction  of  like  niolecule«,  or 
lh«>so  of  tlip  saiiio  kind  of  matter,  is 
Hull  n|  iiiilil\«>  tiioloriiirs,  Adhenion. 
Mil   .•itiii..ili  mI  iiitii  III' ilt'i^l  is  fhio  t4)  th(^  ('ohf>Kion  of  it^ 
♦umImi  nil"-      I'.ihiJ  .iiMH'ii^h  III  wood,  ov  ink  to  paper,  by  the 

•llh'li  lli'tt    IhI  I^  I  III   lllllllilt    lllollTllioN. 

lllill|iliiilM^  \  Ihiii  platiMif  hard  rubber  platred  in  the 
hMMixM  niiMtlh  Ml  tuittiirl  \Mth  Ihn  tffth,  and  maintained  at  a 
ii-il'Hn  liM'-loii  lt\  mIiiiijs'*  allai  lird  ttMUitMif  its  ed^os,  for  the 
|iiii)iifi<  ill  iitthiiik  lhi«  hranii^- 

I'lii'  |ilMlt>  I'l  Mti  hi  III  tli.il  Ihn  M Iliad -wavitH  riMiu  i\  speaker's 
vnti  f  iMi|iliiiii«  ihii'i  \\\  u>;«iiUMl  Its  Hal  t>urfam>.  It  op«>rates  by 
MMMiti"  id  Mtiiiiti  III  lliti  wavos  baiiig  tranuiuittiHl  to  the  ear 
diMM  ll\  tliiiiiiuh  Mill  liiiuub  (it  ihti  head. 
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Aarora  Borealls.— Literally,  the  Northern  Light  Lu- 
mioous  sheets,  columns,  arches,  or  pillars  of  a  pale  flashing 
light,  generally  of  a  red  color,  seen  in  the  northern  heavens. 

The  auroral  light  assumes  a  great  variety  of  appearances,  to 
which  the  terms  auroral  arch,  bands,  coronce,  curtains  and 
streamers  are  appUed. 

The  exact  cause  of  the  aurora  is  not  as  yet  known.  It 
would  appear,  however,  beyond  any  reasonable  doubt,  that 
the  auroral  flashes  are  due  to  the  passage  of  electrical  cur- 
rents or  discharges  thi*ough  the  upper,  and  therefore  rarer, 
r^ons  of  the  atmosphere.  The  mtermittent  flashes  of 
light  are  pi-obably  due  to  the  discharges  being  influenced  by 
the  earth*s  magnetism. 

Auroras  are  frequently  accompanied  by  inagnetic  storms, 
(See  Magnetic  Storms.) 

The  occurrence  of  auroras  is  often  simultaneous  with 
that  of  an  unusual  number  of  sun  spots.  Auroi*as  are  there- 
fore probably  connected  with  outbursts  of  the  solar  en- 
ergy.   {See  Sun  Spots.) 

The  auroral  light  examined  by  the  spectroscope  gives  a 
spectrum  characteristic  of  luminous  gaseous  matter,  i.  e., 
contains  a  few  bright  lines ;  but,  according  to  S.  P.  Thomp- 
son, this  spectrum  is  produced  by  matter  that  is  not  refer- 
able with  certainty  to  that  of  any  known  substance  on  the 
earth. 

Whatever  may  be  the  exact  cause  of  auroinis,  their  ap- 
pearance IS  almost  exactly  reproduced  by  the  passage  of  elec- 
tric discharges  through  vacuous  spaces.    (See  Geissler  Tubes.) 

Aurora  Australls. — The  Southern  Light.  A  name  given 
to  an  appearance  in  the  southern  heavens  similar  to  that  of 
the  Aurora  Borealis, 

Austral  Pole. — A  name  sometimes  employed  in  France 
for  the  north-seeking  pole  of  a  magnet. 

That  poie  of  a  magnet  which  points  to  the  earth's  geo- 
graphical north* 


bii'ak  its 

Tlie  spil 
caiTios  lift 
itriiit  in  siicli 
t  circuit  IS  closed  when  plutiniim  contacts 
B  of  D  ami  B  toiiih  ewli  otlifr.  la  tliitt 
IS  ntliiiilwl  lo  the  core  A,  of  fho  q 
s  tircukio^  tlifi  riri!uit  and  ' 

lEQHiism.     The  closlicily  of  the  ii|)ii0g  C, 
k  and  iignjn  doBt-  the  contut-ts.  Ihus&gHJn 
fcUo-tuajTm-t  und    again  alliii<tiiip  B,  and 
Ruit    The  makes  and  bi'e.ilis  uvu.iilv  I'olli.u 
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Che  safety  derices  for  arc  lights,  or  stries  circuits,  diffpi-  in 
ir  oonstru(.*ticm  und  operalion  tram  llioae  tor  incanilescebt 
|btA,    or   multiple   drcuitn.    (See    CircuH*.    Varirlicn   uf. 
tfety  Vti'iee  for  Arc  Light  Circuits.  Safetg  Catch.    Cut- 
I,  Atttomatic.   Saftty-Fune.    Safety-Strip.    Fvmble   Plufi.) 
'  BegUlatlon.— Such  a  rejpilation  i>(  a.  tly- 
mo-cleclric  tuoi-'hinc  11.4  will  preserve  cciiBlunt  eittier  Hip 
or  the  electro-motive  foi'ce  generated  by  it. 
icautoiimtic  regulation  ot  dynamo-electric  imwtiinrs  muy 
wmplished  in  the  folloivin^;  nays,  vix.; 
By  a.  Compound  Winding  of  the  macliine. 
Ills  method  is  {larticuliu'ly  applicable  to  constant-potential 
shutee.  By  this  winding  the  magnetic  strength  or  the  shunt- 
is  catutont,  while  that  of  the  series-coija  varies  jir(ip<)rtiou- 

0  th*-  load  on  the  machine.    The  series-coils  are  prefei-- 
y  wuund  close  to  the  poles  of  the  nia^'hine,  and  llie  shunt- 

\r  the  yoke  of  tlie  niagnela.  Custom,  however,  viiticH 
s  reflpOft.  and   very  generally  the  shunt-coils  are  placed 
trthe  |K>les  than  theseries'coils.     (Bee  Compotind-Wind- 
1,  Dynamo-EUctrie Machines.] 

!)  By  Shifting.'  the  Position  of  the  Collecting  Brushes. 

n  thn  Thomson-Houslon  xystem  the  current  is  kept  prtic- 

'   constant   by   the  following   deviee.i :    The   collecting 

■e  nxed  to  levers  moved  by  the  regulator  magnet  R, 

in  Fig.  3B,  the  armature  of  which  is  provided  with 

;  for  the  entrance  of  the  parabolajdul  pole  piece  A. 

uh-pot  Is  provided  to  prevent  too  Midden  movement. 

n  the  current  is  normal,  the  coil  of  the  regulator  mag- 

1  ahort-dtvuited  by  contact  points  at  S  T  which  act  as 
t  of  very  low   resistance.     These  coDlact^fKunt^   are 

mted  by  the  Holeooid  coils  of  the  Controller  traversed  by 
1  current.     The  cores  of  tliis  solenoid  are  suspended 
Bg.     When  the  current  becomes  too  strong  the  con- 
1  Is  opened,  and  lhi>  current,  traversing  the  eoil  of 
r  magnet  A  attracts  its  armature,  which  sliitU 


M 
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llie  ollectin^  brushes  into  a  |K>sitiuii  ut  wliicli  n  Hiiialler  cUP 
rent,  is  token  o0.    A  <!ai'faon  sliunt,  r.  or  hi^li  imiHtanw, 
provided  to  lessen  Ihe  spark  at  the  conloct-pnints  S  T,  whii 
oururs  on  opening'  liie  circuit. 


In  operation  tjio  oontaitl- points  are  ciiiiliniially  openin 
and  closing,  thus  nioinUuning  a,  practicoJly  fVRstJiIit  ourm 
in  the  extei'nal  circuit. 

(3(  Bg  the  Automatie  Variation  u/  a  RegiKtriHC*  shnttUO 
tlic  lield  niagnets  of  the  machine,  iis  in  the  Bniih  Sjatem. 

In  Fig.  34.  the  varittble  poaistance  C  fomis  apRrtaf  U 
shunt  circuit  oruund  the  field  magnets  F  H.  Tliis  rMistMice 
(omied  o(  a  pile  ot  carbon  plnleci.  On  lUi  increase  i^f  the  Oil 
rent,  such,  for  example,  as  would  result  from  tumtoff  tn 
Bonie  of  the  lamps,  the  electro-magnet  B,  placed  in 
circuit,  attracts  its  armature  A,  and,  eonipreising  the  jHe 
cnrhon  plates  C,  lowers  their  resistance,  thus  diverting  a  pi 
portionally  lai^rer  portion  of  Uie current  f I'oni  tlie  Held  moga 
coils  F  M,  iind  maintaining  the  current  practically  wnstant 

In  HOine  machines  the  same  thing  is  done  by  hand,  btil  U 
is  obj (Actionable,  sjnuv  it  rwiuiree  the  presenou  ot  fta»Uendal 


Fig.  .T. 


«  Operated  by 
r  falls  helow  Ihp  |}tfi|)i't' 


Thw  realBlanoe  mu.v 
bn  niljiisU-i]  eillicr 
MitoBivtimll.v  by  uti 

whos«  ooils  ure  in  an 
Independent  sliunt 
uTOBs  Uii>  maiat,  or 
nmy  Ire  o[>«tniteil  by 


In  Fig.  SS.  the  vuri 
utilft    realHtnitce     i 
(lliiwn  nt  It,  the  lever  HWitcli   being-  ii 
liund  whenever  the  potential  rises  o 
nUur. 

Tli«  machine 
•hown  is  Uius  en- 
ablod  to  maintuin  a 
miutani  Jiotential  on 
lli(^  leikils  to  vilii'.h 
lunipis,  L  L  [•. 
etc.,  are  i-onnected  in 
maltiple-arc 

lijfnainometrie 
Otntrning,  in  wlmh 
?rie*  dyonino  is 
e  to  yiclii  u  con- 
•tunt  cirri-enl  by  gov- 
srning  tliu  stpaiii  engine  that  il rives  it,  by  niuuoE  of  ii  ilyniLiiio- 
tuetric  govci-nor  thut  mainlniiis  a  conshint  torquv  ur  liirniiig 
nomvot,  iiistvaii  of  tti(<  usuul  couti-idigal  governor  whit^h 
nolntiLinH  a  oonstiint  speed. 

C  EkdHc  Ooveming  of  the  Driving  Engine,  in  whi 


tte.  M. 
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governor  is  regulated  by  the  current  itself  instead  of  by  the 
speed  of  rotation  as  usual. 

(See  Addendum  Autofnatie  Beffulation.) 

Automatic  TelegrupHj^-^QeeTdegraphiftAtUomaiie.) 

Automatic  Telephone  8wltcli«— (See  SwUeh,  TeU- 
phone f  Automatic) 

ATcrage  ElectnHlIottTe  F^ree«— The  mean  value  of 
a  number  of  separate  electro-motive  forces  of  different  values. 

When  a  wire  in  the  armature  of  a  dynamo-electric  machine 
cuts  the  lines  of  magnetic  force  in  the  field  of  the  machine, 
the  electro-motive  forces  produced  depend  on  the  number  of 
lines  of  force  cut  per  second.  This  will  vary  for  different 
positions  of  the  coil.  The  mean  of  the  varying  E.  M.  F.'s 
is  the  average  E.  M.  F. 

Axes  of  €€»-Or<tluates.— (See  Co-Ordinates,  Axes  of,) 

Axlsof  Abscissas.— (See  Abscisaas,  Axis  of,) 

Axis  of  Ordluates*— (See  Abscisscu,  Axis  of.) 


25  90  as  ^ 


Axis,     Magnetic 


of  a 


Straight  IVeedlc— A  straight  line 
drawn  through  the  magnet,  joining  its 
poles. 

The  magnetic  axis  of  a  straight  needle 
may  be  regarded  as  a  straight  line 
passing  thi*oug!i  the  i>oles  of  the  needle 
and  its  |)oint  of  support. 

The  magnetic  axis  may  not  corre- 
spond witli  the  geometric  axis  of  the 
needle.  This  leads  to  an  error  in  read- 
ing the  true  direction  in  which  the 
needle  is  ])oiuting,  which  must  be  cor- 
rected. Thus,  the  needle  N  S,  Fig.  86, 
points  to  lU**  on  the  scale.  In  reality,  if  the  magnetic  axis  of 
the  needle  lies  in  the  line  N'  S',  the  true  deflection  of  the 
needle  is  only  28**, 


Fig.  !f6. 
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Axlnulti.^lii  uetronomy,  th?  angular  distance  betweeii 
ati  uzimutli  circle  anil  the  meridiau. 

The  oziniiilhor  aheavenly  body  in  the  Northern  Hemisphere 
(s  measured  an  the  arc  of  tlie  horizon  intercepted  between  the 
ni>r(h  point  of  Ihehoriaon,  and  the  point  where  the  great  circle 
Utul  posses  through  the  heavenly  body  cuts  the  horizon. 

AxImuUi  Circle.— The  arc  of  a  great  circle  passing 
IhruUL'li  lh«  |>oint  of  the  heuvens  directly  overheiid,  called 
the  Zrnith,  and  the  point  directly  lieneath,  called  the  Nadir. 

Axlnnlh  Compftsi. — A  compass  employed  by  navigatom 
roriui-asurin^  the  horizontal  distance  of  the  sun  or  a  star  from 
Uic  tnngnetic  meridian.     (See  Compius,  Azimuth.) 

Asimulh,  INaf  nctic The  an-  int«r(^«pted  on  the 

horiznn  between  the  magnetic  meridian  and  a.  great  circle 
panlng  through  the  observed  body. 

B.  A.  Olini. — The  British  Association  Unit  of  Resistance, 
adopted  pnor  la  mS4. 

The  v»hic  of  tlie  Unit  ot  Electric  Resistance,  or  the  ohui, 
won  tteli^rniiTieil  by  n  t'ommittee  of  the  British  Association 
OH  being  t^iual  to  llie  resistance  ot  a  column  ot  mercury 
*C.,  one  square  millimetre  in  area  of  cross-section  and 
IM.»  i-entimetree  in  length.  This  length  was  taken  as  com- 
ing nearest  the  viUue  of  the  true  ohm  deduced  experimentally 
from  ci-rlain  Ihporetical  considerations.  Subsequent  re-deter- 
minations showi^d  the  value  so  obtained  to  be  erroneous. 
TliB  value  uf  the  ohm  is  now  taken  internationally,  as  adopted 
by  LlioInterDational  Electric  Congi'ess in  1884.  as  Ihe  resistance 
ot  n  column  of  mercury  IDO  centimetres  in  length,  and  one 
aqllftTe  niilhinetrt?  to  area  of  cross-section.  This  last  value  is 
call^  tlte  U'ljiil  vhm,  to  distinguish  it  from  the  B.  A.  ohni 
which,  as  iibi'vr  stati>d,  is  «i|uaJ  to  a  mercury  column  104.D 
centimetres  in  length.  Usage  now  sanctions  the  use  of  the 
word  ohm  In  mean  tlie  legal  ohm. 

This  value  of  the  legal  ohm  m  provi-iional  until  the  sxoct 
teogth  of  the  mercury  column  con  he  finally  determined. 
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The  following  are  the  rabtlTe  values  ot  thoM  units,  vix.: 

1  Legal  Ohm =  l.OllS  &  A.  Ohm. 

"    =  1.O0OO  Siemens  Unit 

IB.  A.  Ohm =    .OBSt  L^al  Ohm. 

1  B.  A.  Ohm =  1.0483  Siemens  Unit. 

1  Siemens  Unit =    .KM)  B.  A.  Ohm. 

"     =    .M84  Legal  Ohm. 

Back  Electro-n«tlTeFarc«.— A  term  sometimes  used 
for  Counter  Electro-Motive  Force.  The  temi  counter  electro- 
iiiutivK  fonv  in  the  preferable  term.  (See  CoutUer  Xleetrtt- 
il olive  Force.) 

Back  or  Beiarn  Stroke  of  LIcklnlnc.— An  elec- 
tric Htiock,  caused  by  an  induced  charj^,  produced  aft«r  the 
diHi-hai'fje  nl  ti  lightning'  tliisii. 

Till!  shoi'k  is  not  cuuhihI  liy  the  liglitning'  fluali  itself,  but  by 
a  chm')^  wiiidi  \»  induced  :n  nei^irhboringr  conductors  by  the 
dJMCliargc.  A  similar  etfet-t  may  be  noticed  by  standing:  near 
thi-  c<)ndudor  of  a  iwwertuL  electi-le  matjhine,  when  sbocks 
are  felt  at  t'vcry  discharge. 

The  pffivts  ot  the  rpfurii  shock  are  sometimes  quit«  severe. 
They  a-n*  often  i^xiK^rieiUT'il  by  sensitive  people  on  the  occur- 
rvnce  of  a  lightning  discliiirge  at  aoonsiderable  diittance. 

In  some  instances  tlie  return  strake  lioH  been  sufficiently 
Intimse  to  cuiise  deiitli.  In  general,  however,  the  eSectM  are 
mueli  less  severe  than  (l)0!te  of  the  direct  lightning  discharge. 

Balance,  Arms  of (See  Arma  of  Bridge  ot  Elec- 
tric Balanet.) 

Balance,  Bl-lllar  Suspension An  instrummt 

similar  in  its  construction  to  Coulomb's  torsion  balance,  but  in 
wtilch  the  nerdle  is  liiing  by  two  librcs  instead  of  a  single  one. 

Any  detlwtion  of  the  npedle  siiortens  the  vertical  distance 
between  the  jKiints  of  siipjiort  and  the  needle,  and  so  tends  to 
lift  tl)e  needle.  The  motionN  iirc  therefore  balanced  against 
the  toive  of  gravity  instead  of  against  the  torsion  of  the 
fibre. 


I'A  U-filor  suspensJon  b  sfaown  in  Fig.  -IT.  Tlic  two  IhreiuLs 
\  b  IU)d  a'  b',  Are  I'onnccleil  lo  the  needle  M  N.  so  us  to 
lo  hun;;  in  a  Irti^  liorixoalal  c 

ntion.  Any  twisting  aroiiml  the  ii 
la  c  r\  pniiwrn  Ihi"  lines  "(  m 
f>  antl  ii'  f>',  to  lenO  to  irc 
;r  and  so   shurtfn    llir  a: 


bo  wnu  tlio  Srsl  Id  eDiptuy 
t  bi-lUor  »wippn»on,  slioneU  that  tin- 
ilri>  torcvimpnrted  totbesus{>pnsion-  j^    , 

la  by  turnlti};  Itie  needle  was  : 
Ltl)     DireL-Ujr    proportionul    to    tbe    disloncc    lieti 


t  C9)  lnv«rs«ly  ok  their  lengltu. 

L(8)  Direct] J-  proportional  to  the  vrei^it  of  t  lip  suspeiiiied  Uoily. 

K(4)  As  tbe  wi^lc  (it  Iwial  i>i-  torsion  of  Die  tlir'-atL't  ■>n  each 


«  two  forces  balance 
I  other  ;  hvune  tlin 
n  of  the  terni, 

represent    a   '    r~ 
Idb  toralou  biklunoe 
i  to  Ibe  niniMire- 
it  «t  tbe  force  ot  trleclroittii  ti< 


A  delicate  nee<il« 


and  then  a  repulsion,  wnicn  causes  ue  neeaj 
a  certain  distance  from*  the  ball  on  the  pro 
distance  is  measured  in  degrees  on  a  gradua 
marked  on  tho  iiistrinm?nt.  The  force  of 
is  calciilatt'd  by  dctorniinin^  the  amount  of  tors 
move  the  needU*  a  certain  distance  towards 
electrified  proof-plane. 

This  torsion  is  obtained  by  the  movement 
head  D,  the  amount  of  which  motion  is  nieosu 
ated  circle  at  D.  The  measurement  is  based  en  1 
torsional  force  of  a  wire  is  proportional  to  the  a 

Balance,  Hughes'  Induction 

for  the  detection  of  the  presence  of  a  metallj 
the  aid  of  induced  electric  currents. 


Qlt-^M 


WOKD8,  ■ 


« 


r  biilanfe  oach 


g&nd  S,  no  sound  is  heard  in  tlie  telephone. 
a  induced  in  B,  anil  St  esactLy  neuti'alize  t 
it's  effects. 
i  tingle  coin  or  niase  of  metal  Iiu  iiitroiluciiil  between 
!r  S,  and  P,,  or  S,  and  P,,  tite  balance  will  be  disturbed 
a  aoun<l  will  be  heard,  since  some  of  the  induction  is  now 
•nd«d  iu  liiwlucing  elei;tric  currents  in  the  interposed 
d  a  HOund  will  therefore  be  htrard  in  the  telephone. 
if  precisely  sitnilur  nietala  an?  plated  in  siniilar  positions, 
U'lween  S,  and  P,.  and  S,  and  P,.  no  sound  is  heard  in  the 
I''k>phone,  ainoe  the  inductive  effects  due  la  the  two  metala 
an  the  Bain*. 

:  slightest  difference,  however,  either  in  composition, 
sitjon,  destroys  the  balance,  and  cjiuses  a  sound  to 
n  the  telephonic. 

aus  coin  IS  thus  readily  detected  when  i-oiupared 
a  genuine  coin. 
i  somewhat  similar  instrument  hiui  been    employed  to 
:t  and  locate  a  bullet  or  other  foreig'n  metallic  suhslance 
Uie  huinau  body. 

ice,  Thennic- — (See  Bolonicltr.  or  Thtrmic 

B  a  I B  n  c  V ,    Wbeatiionc** 

A    device     for 

IflOrlng  the  value  ot  electric  re- 
ancea,  *> 

.,  B,  C  and  D,  Fig.  40.  we  lour 
resistani'i's,     imy    urn-    of 
ilch    can  be  measured  in  oliiim, 
^vidcd  the  nbsoliile  valufofoue 
le  Others,  and  the  relative  values 
r  (wo  of  the  remaining  three  ^''   ^ 

a  in  ohms. 
C  battery,  Zn  C,  m  itmuocted  at  Q  and  P,   so  aK 
ftt  I'  and  aKaiu  unite  at  Q,  after  pulsing  through 
D Cuad  B A. 


*   DIcnONARY  OF  BUCimuCAI. 


A   senBJtive  jralvunornpter,   O,   Is   couiiecled   al   Jf  X.  a^* 
shown. 

The  poasag.- of  »  I'liri-^iit through  any  resJElance  is  attende<K 
by  a  tall  of  poti-iilial  Ihiit  in  pnipoiliouiil  to  the  reslstonoe- 
(S^  Potential.  Klrclric.)  If  Ihcnlhe  resistaofes  A,  Caadfi, 
are  so  proporl  lonnrl  to  the  valuo  of  the  unknown  refristancK 
D,  Ihnt  no  ciiiT>'iit  pnsHm  through  ttio  galvanometer  G,  thtf 
two  points,  M  iinil  N.  in  the  two  circuits.  Q  M  P  nod  Q  N  P, 
ore  lit  the  saiur-  polcntinl.  That  in  to  Hny,  thi-  fall  of  poten- 
tial along  Q  M  P  uhil  Q  ?;  I',  at  tht>'pofnt<t  M  anU  N,  is 
equal.  Since  llii'  full  of  jHitentiul  is  proporlioaul  to  thcreaiat- 
ance  it  follows  t.liul  .    _  .  . 

A:B::C:D, 
or  A  X  D  =  B  X  C. 


,..(|)c. 


It  tlien  we  know  the  values  of  A,  B  and  C,  the  value  of  D 
can  be  readily  calculated. 
B 
By  making  the  value  —  some  simple  ratio,  the  value  of  D  is 

easily  obtained  in  terms  of  C. 

Tiie  resistances  A,  B  and  C,  may  consiat  of  colls  of  wire 
whose  resistance  is  known.  To  avoid  their  magnetism  affect- 
ing' the  needle  during  the  patisoge  of  the  current  through  them, 
they  should  be  made  of  wire  bent  into  two  parallel  wires 
and  wrapped  in  coils  called  resiafance  coiU,  or  a  reiManee-box 
may  he  used,    {See  CoUt,  Resistance.    Box,  ReBiiitance.) 

There  ai-e  two  general  forms  of  Wheatatone's  Balance,  via: 
the  box  form,  and  the  sliding  form. 

Balance,  ITheatstone's  Electric ,  Box  or 

Commerctal  Form  of  vrhealrtone's  Bridfre.— A 
commercial  form  of  bridge  or  balance  in  which  all  three  known 
ai-ms'or  branches  of  the  bridge  consist  of  standardued  resist- 


■3  A  and  B. 

Fig.   40,  consist 


Oils. 


10,    100.   uihl    l.iil"' 

--'1 

-1 

?.? 


iinoe  C,  of  Fig.  40,  in  poiupvi^ed 

of  spparate  resist Htirc^H  uf  1 ,  2, 

2.  5.  10,  10.  30,  50.  100,  100,200 

300,  1,000,    1,000,   2,000,    and 

n,000  ohma.    In  some  [ornis 

box    hridgea,     additionnl 

■  ileciiual  reeistanres  ui'e  added. 

The    resistiinte     coils    lire 

wuunil,  aa  shown  in  Fig.  48, 

aFter  the  wire  iiaa  beeu  bent 

on   itself   in   the    niiddlij,    in 

order  to  uvoiil  the  effects  at 

a  disturbing  action  on  a  galvt 


TI.->  -oils  r  ( •■  .[Tn  '■'«'»«  »>"t  tor  a  fe 

■•■"" ./..«  .hoi,. ;,"      "■*'"-:-'  -'th  one  an 

-t  out  „v  sh„H..ir...  it:.:'  "^«  f'^keys,  at 

""-..vis.  tl.o  coil  Win  not  be    '    """  '■*«  '~ 
,  not  be  completely,  ci,t . 

^--1^  "'»e  tollowin^ 

tion.s,  viz.:  The  j 
»  "nserted  betweei! 
**;  the  unknowi 
tween  z  and  r  • 
connected  to  x  i 
venient  proportio 
tor  the  value  of  tl 
«>iis,  resistances  a 
7  until  uo  deflectii 
'arity  between  these  «>n„  ^-  Sa'vanonieter  1 
!r!^'  bo  seen  from  .„*^!°^.°"«  «"-<  «'ose  sho 


CiC^  A   I>KTIONARY  OF  KKECTRICilL 

li;il;m«.'  in    wliirli  tlw  |U'<»)MM*<i»»nato   amis  of  tho  bridiro  im- 
loi  iiH  tl  ni  ;i  ^iiiLilrtliiii  \\'in\  of  II  nir«»riiMliann*tor.  ^^-I'liorallv      ^ 
(Itrmaii  silvn*,  of  <  iunpaiat  ivrly  lii.y:'*  r»'sistaiUM'. 

A  Sjnimj  A'*'//  slitlrs  ovim*  tlio  \vir»' ;  ono  ItM'ininal  of  thek*''*'-^ 
is  r»»nn«Mt«'d  with  tli«^  ^alvanoinoler  and  the  other  withth*^ 


p 


rt>Sp  am 


f  ,jZi]Lii (v>ftp :^ Um ZIZZZalE 

r    •      t.:    /»^rrTlni?f?iTrhTnKiiHpTiyTTTfTnyffiiiiniWiiiliiii"iMtir^^ 


B 


Aiip  wlu'u  tlio  sprinK"  k«\v  is  deprossetl.  As  the  wire  is  of 
nnifonn  <liani»»t»»i%  the  ivsistancos  of  tlie  arms,  A  and  B,  Fij?- 
•U\.  will  lln'n  Im'  dirtrctly  proportional  to  tlie  lengths.  A  scale 
l»la««Ml  iH'ar  the  wire  serves  to  measure  these  h*ngfthsii  A 
tlii<  k  iin'tal  strip  connected  to  the  slide  wii*e  has  four  gaps  at 
\\  (.,).  iiand  S. 

Whrn  ill  ordinary  usp,  the  k^P'^  *^^  ^*  ^^^^^  "^  ^^"^  either  c*on- 
ihmIimI  l>y  st < Hit  strips  ()f  conducting  material  or  hy  known 
I'csistanccs,  in  which  <asc  they  act  simply  as  im^raduated 
«*xlciisioiis  ot  tli»'  sli<l'»  wire,  ami.  like  len*rtheninii:  the  slide 
wire,  incrcnise  tin'  s«Misihilitv  i»r  thi'  instrunient. 

The  unknown  r«»sistance  is  then  inserted  in  the  ^.ip  at  <^, 
and  a  known  resistance,  generally  the  resistance  Jxkv,  in  that 
at  K.  The  nr;i|vanom(»ter  has  one  of  its  terminals  connected 
to  the  metal  strip  between  (j  and  IJ,  and  its  otlier  terminal  to 
the  sliding  key.  The  battery  terminals  are  connected  to  the 
m«»tal  strips  between  P  and  Q.  and  R  and  8,  respectively. 

These  connections  are  more  clearlv  s«'en  in  the  form  of 
briil.ijre  shown  in  Fig.  45.  The  slide  wire  ir  v\  consists  of  three 
separate  wires  eat^h  a  metre  in  length,  so  arranged  that  oidy 
one  wire,  or  two  in  series,  or  all  three  in  series,  can  be  used. 
Matters  being  now  aiTanged  as  shown,  the  sliding  key  is 
moved  until  no  current  pas.seu  through  the  galvanometer. 


WORDS,  tbi:h>4 

■""I'"  •liiliiip  lii'iilfp-  in  II..I  onlivly  H;itisfiM-l.>r.v,siii(  .■(!»■ 
"""'itunly  ill  Ihr  H|irin),'-c.tinltul  wiiiw*  n  hu-b  nf  i-orn-sivnil- 
'*¥  lictwwn  thn  jMiiiil  of  fonlm-l  ami  Hit'  jH>iul  of  llit>  wiili.- 
"<<  vblrli  IbK  inilpx  i-CHtH. 

Till-  lum  of  iiniromiit.v  cit  the  wirt>.  iliie  to  i-oiiHlniil  iibc 
iiwpsa  kitkof  wimwponili'ni'i-  liKwpeii  tlie  i-PsisliiDct'  uf  lln' 
■"*Nnit  iU  IfDcHi.  Willi  ■-.iri\  hiiwevpr.  vory  aii' unite  w- 
''<U>  iwi  lio  olihtiniHl. 

■vllisllc  Con-C— Tlif  nirvo  mluiilly  ili^ribi-il  by  it  iii-o- 
J'^lili-  lliniiva  in  iinv  other  Umii  n  vcHimil  direction  |IitoU)^Ii 
'l»aii-. 

■uUy.  tlii-'iMiUi  of  :i  pro- 
le in  «  Minium  in  a  piintboiu. 
1  i«,tiiH  iKith  AE  B,  Fiff.  41. 

•iiy.  tiic  ptr«is  uf  tiiiiii  t.>sif-i- 

it  to  t^tk>>1li>'  \KiiU  A 
uh-tlliniu-  cniii:     Tl.- 

iMiffht  than  lUi-  |KVl-iil...l:i.     Tin-  "'■-'•  ''■■ 

tUeaiKu  liiui  aHtimlliT  V'-rtiojil  riiiig<'.     IiistiMilof  ri'iu'li- 
■  (Mint  n.  it  (itntitiimlly  itppruai'lii'v  tin-  ])i'i'|H'iiili(-u1iii' 

■lIMIv  CinlTannmcler.— A  rurm  at  ^ilvuntntii^ler 
•  fur  mi'-iisiii-ing  nionu'ntiicy  fiinimls,  siii'li  as  tliosi; 
lui^il  liy  111"  iliwlHiitt''  "f  ii  «iimYi-h«cc,  wliirh  risi^  minilly 
iiiaxiiiuini.  nnil  tli.-ii  ,\k  rapiilly  Ciill  lo  xpiti. 
■Irr.  tlaUUiici 
iiiili  of  prosMiif"  iwcrilly  [.i<.|»»^i'il  l.y  (In-  Hi  il- 

Hil  I'ljiuih  "mi'  ilyni'  pT  snimr'"  I'l.'iiiiiin-lrc. 
meier.^An   njumi-jitiLi  ruriiieasunnj;  tlif  ]ii'«s«iirr 

I  »(jfK)"I>lll'"'l'. 

Itelrlv  <'ollimn,— A  roliiinn.  nsiiiUlyor  ini'iviiry, 
*Jy  thirty  liidir-H  m  v.-rti.-iil  liL-ij-hl,  siislnim-.l  in 
rurotliprtulicliy  the  piwBiiri"  uf  the  stin«i)>hcre. 


=■   ELECTRICAL 

meter  used  near   them,   ami  the  introJiictioD  of  a  epuriol 
rraisUince  in  the  i;ui Is  themselves.    (See  Spurious  RetUtai 

To  avoid  the  elfects  of  changes  of  reaistaiicu  occaitioned  i 
changes  of  temperature,  the  coils  are  mode  of  German  silve 
or  pi-eferably  of  ftlloys  called  Platinoid^  or  Platinvm  t3vt 
[See Plot inoid.  Plat inuvt  Stiver.)  Even  when  these  alloys  ai 
itaed,  care  should  he.  tukea  not  to  allow  the  currents  used  I 
pans  through  Uic  resistance  coils  but  for  a  few  moments. 

The  coils,  CC,  are  connected  with  one  another  in  scries  1 
cotkUectlDg  their  ends  to  the  short,  thick  pieces  of  hrass,  E 
Fig.  43.  Ontheinaeilion  of  the  ping  keys,  at  SS,  the  coQstt 
cut  out  by  short-circuiting.  Ciue  should  be  taken  to  see  U 
the  plug  keys  are  firmly  inserted  and  free  from  greoae  ordi 
otherwise  the  coil  will  not  be  completely  cut  out. 

Q  The  following  are  the  oono 

tiuns,  viz.:   The  galvaDOmeteP 
I  inserted  between  q  and  t 
44;  the  unknown  reslslauoe  b 
tween  e  and  r  ;    the  battery 
connected   to   i  and  z. 
venient  proportion  bein;  tskf 
tor  the  value  of  the  proporilOD 
coils,  resistances  are  iOHal  '    "  ^^^ 
"j^   "ij.  C,  until  no  deflection isBhownl 

the  galvanometer  O.  The  ll 
larity  between  these  connections  and  those  shown  in  Fi(^  i 
will  l)B  seen  from  an  inspection  of  Fig.  44.  (See  Balam 
WheaUtotie'a  Electric.)  The  arms,  A  and  B.  turreBpond 
q  a;  and  q  z,  of  Fig.  43 ;  C,  to  the  arm  x  r,  Fife-.  49 ;  imd  D, 
the  unknown  resistance.     We  then  have  as  before 


:  D.. 


■  A  X  D  =  B  X  r. 


H-J": 


The  advantage  of  Ihe  simplicity  of  the  ratios,  A  and  B, 
10,  100,  and  1,000,  of  the  Bridge  Box,  will  therefore  be  mai 


WURD8,  TERNS  AND  PHHASES. 

*M»in(n(;  depp-Bpft  soiindingB  wnlhoiit  the  use  of  a  Hounilins 

Tilt!  tathomcter  tlepenHs  foi*  its  o|)er»tion  on  tho  derreased 
"ffartjonof  (li^  esrili  lorii suspended  weiglit,UiiitUkesp!ui'L' 
"■lurlgutllit.  uk^eKn  (liir<--rili^  ill  do|itli.  As  tlic  Vi'sael  [iiuaes 
ovnpii^.p  portinnt)  uf  tlie  oovHii,  the  Bulid  land  of  the  lioltoiii, 
'""■■efurtliiT  ri'oni  the  ship,  exerts  a.  amaller  atlnurtion  thiiii 
^  miilil  in  shiilloM-  parts,  wliera  it  ia  aeiii'er ;  for,  iiltlTuugli  ia 
"ii  ilfi'ji  [HiiiM  of  tbe  occiin  tlie  wiiter  1ii'>i  lua\¥eBU  llie  sliip 
•nifllii.  Iii>1|i>ii],  the  smallci-  detisily  of  llu'  witivr  us  conipiired 
^■■htli.'  Iikiiil  ['ELiues  it  to  ex'^rl  a.  suiiiller  iittriu-tion  limn  in 
">*  ihallow.T  iNirls,  wl.oi*  the  bolloiii  i"  nwu'er  liic  Hhip.  Tlie 
•"•J'"^  Htlnwtion  it)  i-aiisnd  to  act  on  a.  iii<'n^uiy  (.'oliiiiin,  Ihu 
"*iliag  of  whitli  in  fff.'tteil  by  riie.ina  ot  au  electric  lontiu-l. 

ttnilu.  Copper.  Ciold,  Mlier,  NIvkcl,  etc., 

Tanks  i-uuliuulll)^  KolnlioD^t  ot  luetalH  snititble  foi'  cliH'ti'ic^ 
ilfpowHon  bv  Uic  priHrcss  of  electrij-pluliug.  (Scb  Elfilrn- 
Phting-i 

llaliorip*,  VariPllvii    of  Vwltnlc (fk-o//. 

PiJlaie.  Varielitu  of.) 

Batlcr)',   Djiinniu Thu  combinutlon  or  coii|>- 

iillg  togctliRr  of  Hi^vei'iLliteptu'iilr  ilyiiutiio-eleclcic  iiiurliilien  no 
It  lo  M.-t  as  a  singk'  elwlrii:  bouixi;. 

Th»  ilyiimnos  may  lie  RiinnRctod  t»  Uic  leiulH  i>itl]er  in  HeriPH. 
«  uulUple-ftrt',  in  luulUpIe-HericH,  or  in  sriios-nmlliplc. 

BMIrrr.  CIvvfrii* A    trenoral   term    npplif.-"!    tii 

tlra  lumliinutinn,  as  u  single  !iuui'c«,  of  u  ruimbrr  of  sepiLnilf 
"Iwtnc  sou  1*1 '*^. 

The  »iT«wutc  soilifW!  may   bo  coiipliil  I'jlUei"  in  wi-ii'b.  in 
"mrtyV^-orc  in  multijile-nerKii,  or  m  »erieK-inalliple.   (See  Ci''- 
niU,  X'ttrir.! ifiii'/.) 
Tbo  term  buttery  ih bo iiietimeR incorrectly  applied  to  u  single 


.-ell. 
t,  ttVjAvH  Jur— 

H(<|iurule  Li-,vd<:li  jilf! 


-Till' 


-oinbiiit 


ot     (I 


0  A  nH.'TION*KV  OF  KI.WTKrpAI- 

balaiH'fi  in  whicli  Ihe  proportionate   arms  of  Ihe  bridge 
[onrivilor  It  single  Itiin  wiii.-,  of  iintrornidiiiiiK'ti^r,  genL-riUlyo 
n«rmiin  silver,  iif  iinnpiH-nlivHy  liis'i  I'fsistHni'p. 

ASpKit0£ey  aliilcanvoi- tho  A^'iri? ;  oiii-  terminal  ot  tiiekp/^ 
is  connected  witli  tlle  gulnuionieler  and  the  other  with  the   \ 
<^Sfc  0^   —       —      s^ 


I*.  , . ,  I . ,  ,'.ff, , ,  I  , ,  !^^hr,rf>9i- 

Lb 1 


JF 


I 
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wire   when   Ihp  spring  key  is  dBpresseil.     As  the  wii*  is 
uniform  itinnifti-r,  tilt"  resjutiini-efi  of  tlie  lirnis.  A  anii  B.  Fig-.l 
41.  will  then  hi'  direttly  propuiliun&l  Ui  the  Icntths,     A  staJ 
|ila<'e(l   near  the  wire  N^i'vm   to  measure  tliese  leugtlis. 
ihii'k  mntal  ntrip  connected  tu  the  Hiitle  wire  huo  four  gap 
t>,  (j,  K  and  S. 

When  in  ordinaiy  use,  the  gaps  ut  P  and  S  are  either  < 
nt-'c'ied  by  st^nit  alripa  of  onndiii-ting  material  or  bj  knownl 
resistftncea,  in  ivhidi  iiiwe  thev  lut  Himply  aa  ungiiuluMedB 
i^l«nBionH  ot  the  eliUo  wire,  anil,  like  lengthening  the  8Ud«V 
wire,  inercasu  the  sensibility  ot  Uie  instrunieut. 

The  unknown  rosiatani-e  is  then  inserted  in  the  gup  at  ^| 
UN'!  a  known  resistunce,  gcni-rally  tlie  reiiislninv  b<i.r,  in  tliat^ 
lit  11,     The  giklvanonieter  has  one  ot  lis  tcriiiinuls  tin 
tu  Itie  metal  strip  hutween  Q  find  It,  ami  its  olhi'i*  terminal   In 
the  sliding  key.     The  Imltery  ferminuls  ai'e  connected  to  the 
niet;il  slrips  between  P  and  Q.  and  B  iind  S,  respeetively. 

Thi^se  connections  are  more  clearly  seen  in  Ihe  foiTO  of 
bridi,'e  shown  in  Fig.  iS.  The  slide  wii^itn',  <.H)nsists  of  three 
he[Hinite  wires  each  n  metre  in  leuglh,  bo  arranged  thnt  only 
one  wire,  or  two  ut  series,  or  all  three  in  series,  can  be  used. 
Mutters  being  now  arranged  ns  shown,  the  sliiling  key  is 
moved  nntil  no  current  passes  tlii-oiigh  the  galvanometer. 


WORDfl,  TP-RMS  AND  rfmASES, 


r>: 


The  sliding'  hridEro  is  not  out ir«'ly  satisfactory,  siiu  r  llio 
uncortuinty  of  the  spniij^H'ontiU't  <'ausoK  :i  hu'lv  of  <'orn»sp<ni(!- 
«?nce  between  the  point  of  rout iu*t  and  the  jK)int  of  the  srale 
on  which  the  index  rests. 

The  loss  of  uniformity  of  the  wire,  due  to  constant  use, 
clauses  a  hu*k  of  corresiwndenee  between  the  resistance  of  th(» 
wire  and  its  h^ntrth.  Witli  care,  however,  very  accurate  i-e- 
suits  can  he  obtained. 

Hallitttio  Curve. — The  cul•^•e  actually  described  by  a  pro- 
jectile thrown  in  any  other  than  a  veHical  direction  tbrouij-h 
the  air. 

Theoretically,  the  path  of  a  pro- 
jectile in  a  vacuum  is  a  parabola 
—that  is,  the  path  A  E  B,  Fig.  47. 
Actually,  the  etfects  of  lluid  resist- 
anc»?s  <'ause  it  to  tiike  the  path  A  ^ 
C  D,  called  a  httUistic  curve.  Tlie 
ballistic  curve  has  a  smaibM*  verti-  ^ 

cal  heij^ht  than  the  parabola.     The  ^'^-  ''''• 

pifijei'tile  also  hiis  a  smaller  vertic^d  ranp'.  Inst<':id  of  rcach- 
ini:^  tln»  iK>int  B,  it  continually  approaches  the  pei-|MMi<liculai- 
EF. 

BallMie  Oalvanonietcr.— A  form  of  ^-alvanometei- 
suitable  for  mejisuring  momentary  cui-rents,  su«b  as  thosi' 
produced  by  the  discharge  of  a  confleniH'i\  which  ri^c  rapidly 
from  z«'ro  to  a  maximum,  and  then  as  rapidly  fall  to  zero. 
(S*je  Galvanometer^  Ballistic.) 

Barad. — A  unit  of  pressure  recently  proposed  by  the  Brit- 
ish As5>ociati^*n. 
One  barad  equals  one  dyne  imm*  square  centimetr<». 

Barometer. — An  apparatus  for  measuring  th«»  ])ressure 
of  the  atmosphere. 

Barometrie  Column.— A  cohnun,  usually  of  mercury, 
approximately  thirty  inches  in  vertical  height,  s»istain(Ml  in 
a  barometer  or  other  tube  by  tho  />re.ssnre  of  the  atmos\d\ere. 


Battery,  Split A  voltaic  batter 

series,  and  liaving  one  of  its  middle  plates  \ 
th«  ground. 

Bv  this  ni«*ans  the  poles  of  :i  hatteiv  are 
potentials  differing  in  opj»osite  directions  froi 
of  tlie  earth. 

Battery,  Thermo-Eleetrle Tt 

as  a  single  thernio-elec'tric  cell,  of  a  nundter  of  s< 
electric  cells  or  couples.    (See  T  her  nu>- Elect  n't 

Battery,  ¥oltalc,  Cloiied-Clreult  — 
battery  which  may  be  kept  constantly  on  close 

The  gravity  battery  is  a  closed-circuit  ba 
ployed  for  use  on  most  telegraph  lines,  it  is 
a  closed  cirtruit    When  an  o|)erator  wishes  to 
opens  his  switch,  thus  breaking  the  circuit  a 
correspondent      Such  batteries  should  not  ] 
Polarization  of  Voltaic  Cell.) 

Battery,  Yoltale,  Open-Clreult  

batteiy  which  is  normally  on  open-circuit,  and 
for  comparatively  small  dunitions  of  time  on  c 

The  Leclancli^-cell  is  an  excellent  o|>en-circ 
It  has  a  comparatively  high  electro-motive  fori 
polarizes.     It  cannot  therefore   be    economic 


^B  «■*•««  »-»««*»  ■ 
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Any  voltaic  ixiuple  cm  be  iiserl,  llif  positive  ele>nietit  if 
Miicb  is  mpiible  of  liein^  iilightl,v  acted  on  by  water.  When 
(iiiples  arp  employed  ronsiderable  ditfeiv-nce  of 
potvnliul  cao  h^  obUiiiu'd. 
Wat«r  biitAeries  are  i!nip[o.vc(l  for  churgliig:  el«?tromPters, 
■re  not  capable  o(  giving  any  uiinaider^le  current, 
^  to  thpir  gTMit  inlernul  re&islaace. 
B>  A.  IT,— A  ronlr&ction  aouieUni^H  employi^il  fcir  thR  Brit- 
iiAutociallon  Unit  or  Olmi. 

Bell  <:all,  El«-Clrlc Ka  ele<.trli  bell  use  t  to  cull 

lenilfntion  of  iin  oi)er.i.U>r  to  Ibf  fiutthiit  hi»>  i-urre-ipiinileDt 
inbett  to  cotiiuiunicaI«  with  liiru 

Boll,  Exluiulon  Call \  dovite  for  prolonginK 

"leeound  of  a  iiiiigntrto  ■■all,  and  lor  Houndtng  thr>  signal  al 
Hne  distunt  puint. 

An  Alarm'bell  in  i^niU!Cted  witli  the  lii-cuiI  ul  a.  Iol^iI  hat 
Tjr  by  UiK  ciirrvnt  ^eiinrut«d  bv  the  mi^nnto  lall  uml  icm 
I  aJter  llie  current   >f  the  niii^ueto   tall  hafl 


Bell,  Indlcallns An  clectrii  bell  in  wlin  h    in 

■  li>  distingiiiHh  belwei?n  a.  numbi  r  of  bills  in  Ihe  sutne 
',  u  niiTiiher  \s  displayed  by  iiu.h  bpH  win  n  it  iin|,s 
B«3ll  nu|;n«l~<See  Magnet,  Bell.) 

Bellf  niiynvto  Cull Telepii one  Call 

AcaLll-brll  o|»M'iil<'d  by  currents  geuer^tud  hy  llie  rulaliun  of 
mulurc  in  a.  ii>u^''netic  Held. 

Bell*,  Belnf Bells   iiscd  lu  the  euHy   forms   oT 

f  ooou.vtii!   tde^-raplis  as   employed  in   Engluntl   with  riday 

The  dotH  und  dUMli>-H  uf  the  M(ir»o  al|ihahet  were  indicated 
V  KoundH  of  a.  bell,  ii  tup  on  one  bell  iiidieitUng  it  diil.  and 

I  (apontlie  oilier  u  daph.     Thiasystpm  is  now  prwticfilly 

ktnnitoniil. 

U  of  Kulny  ToiiKilv.— A  t<!i'iii  to  signify  tlic  adjast- 


nmnt  of  s  polarletnl  rxluy  uikIi  l.hdt.  on  llin  c«fwaition  nf 
workiHf- t^urtviit,  iIib   rt'luy  lilngun  Btmll  nlwnys   n-sl  ngiL._ 
the  in.sulat«d  euiila(!t  udiI  not  agiiinat  Ihe   lAiiw  (Sintm:!. 

SuitioUiiieH,  UK  ill  llii!  sjiliUliitlUfry-iliiplrx,  Ui«  bias  It 
the  uninsitlAtcil  conliiL-l.    (S.-i-  /<t:/nf.  I'ltlarixed.) 

BU'liromole  Voliafr  Coll.— <»*■»  Cfil,  VuUixirJf\ 

Bl-Fllur  Bnlttnro.— (Bgc  HiUnmx,  Ui-filar  Suxftei 

Ul-Fllnr  liu«p«-niilati.— TliL-  siis)viisiuu  v\  a  uec(11«  o 
iiiagii.-l  by  tw,.  libivs  in  pliioi-  of  a  single  «bip.  (Sea  Soi 
rt«cc,  fti-h'ilitr  SnujtriisUm.) 

BLFIlur  Winding  uf  Coll*.— .\  winding  o[  i 
wiWHii.li  lliul,  instciHl  of  wirnlin-;  i1  in  one  continuous  CQ 
till!  wiiv  is  iloiibk-il  ill  ilsoir  iiiiJ  llieii  wr.iiinl. 

This  luutlioU  is  enipliiyci)  in  riisislanti.'  cuila,  t 
diitt^irblng  olfecU  on  neighboring  iiistrnnicntH.    (8< 
lieMaiance.) 

Blnnrf  Compoiiad. — In  f  licmislry,  a  compounti  U 
by  Viw  union  of  (»r>  (liirt'ivul  i-k-itiinls, 

'WiikT  in  a  liinmy  i-m.i|ioiiriJ.  b.iiig  forme.l  by  llu-  itnioii 
ot  two  atoms  of  liyilrogt-n  witli  onf  atiihi  of  oxy^-i-n.  Ill 
chtiniii'nl  LHiiiipusiliau  in  thiLs  expi-essi.tl  in  clie.minil  agiHtiole, 
vis.,  H,0,  wliii'li  inilicatea  two  ntotus  tif  hyilrogiin  i.'ombineili 
or  elteniicAlly  united,  witli  oni;  atom  of  oxygen. 


*^Wo-r«:o|ili\'i  (l^vki'p  or  furC(jiiiiiH:linj,-ililTt.'i'i-iil  [larlKof  un 
^"''^rtc.  u|>|>aniiiiT>  with  om-  itatiUipr. 
~L  ■"••<■  iMniUirtinff  or  driTiiit  wEiis  is  eitlier  iiitrmliiwil  in  llie 
"^■Ijii^  a,  fiff.  H'i,  mill  ctuiii|H^  by  Ili<<  siti-w  b  ;  ur  is  |]iiit.-<^>l 
~ ll>(i Bpiu.1-.  d d, iinil ki'iit  in  plot!).-  by  nii.<rtnH  ut  u  I IiuiiiIi-kcil-w 
^itMrtlmes  two  openings  ui-e  pmvitltd  iit  i' tinil  <-'.  (ov  tlit? 
*~  iiiiioHing  two  wires  tiigetlivi-. 

^BlolnDr,  Blurlru iSix  Electni-Uiolvji/.) 

t  Leatl.— A  viim-ty  ur  wirlxm  t'litjtluyL'd  in  vai-ioiis 

'M:k  l<-!ul  IS  iilsu  btniii^l  jilumJtugiiue  j/raphilf,     [Hvk  Pltini- 
Grufihite,) 

BfaMtinB,  dcetrlv TIk-  eti-ctric  ignil-ion  of  [ww- 

ir  dUiui-  iiiiktui'ial  in  -.i  liliist.    (8t!t>  Fuse,  Electrie.) 

Bloncbinir.     ElCCIrlt- UleiKhiii';    lum-L-saes    in 

bfh   tlie   bli'ucliin^  u^i'iiU  iiru   liburutcd   a.*    rr<|iiir(Hi    hy 
ni-y  of  liteclmlgtu;  ilrcunijiimition. 

»  the  r'lw-^  ..f  N Ii.>  :.>..l  1J»|.1,  ll.i'iurri'nt  fmm  a  dy- 

|. .  ■■  ii  i|ii..:iL;lnis<j|iiliotiuftinnniou 

;.-ai-oik-a.    TlnMliluriDG 

i   '        '       '   '   I'll  other  unil  form  bo- 
.  i.  ■■  .ii.i  ■■.  II    iir  liy  (iiuuna  or  u  jiuinp 

,,  Brancll (Sw  Bmnch  lilovk.) 

t  Byalvm  for  RHilwuyi.— A  svsti-ni  for  aeourin^' 
.,ii.-.>llisi..nHof  ....nil,-  .Mih-..;i,l  tr;una  Sy  .liviilmi,- 
icmiwl  into  :i  mrnljL'int  hli.ii.l.-  ■■<  ■ifl.'wmsoKa-^ivt^aXvu'^ih. 
Ii>j;i:i|iliu      .itiiiiTimiitiitioii    lietwppn 
>t>'iIiitUi<'i:ii.l!.i>[  i.'ai'UoJ  >.ui]|lilockx,  iLsldiircVoilt, 
■1^  llwdinplii^y  of  Hiiilablu  nif^nrilH.  iiiun- tliuil  i>iiu  truiu  ur  cu- 
ll lieini;  txi  tlic  Haini!  block  ut  Uid  sutiitH  time. 
«  two  kliiilN  (if  bltH'h  rullway  sjn 
e  BliKk-  Sifiilrm. 
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ment  of  n  poliuiiml  ri'luy  giich  Uiul.  un  Ww  iiruultoa  of  Iha 

till.'  insuluU-d  i:uiitiw--t  unil  nut  ogoinsl  Ittu  otticr  i.untart,  i>r 

8uMi>-tiiii««.  ax  III  llio  H|illt'l>aiUvi->'-flit|)l(rx,  Uie  hitvi  istowvd 

tliL-imiiisiiltLtL-il  liouliU'L     iSli! /ftsfcij^,  I'alttrixtd,) 

BlfliruBitilP  %'olwic Cell.— <S>^>  CbU,  Vuttait.) 

Bl-Flliir  Balancv.— {H4.-I-'  Biilamx,  Hi-fitar  Snujieniiim.) 

Bl-Fll»r  t^UNtH'imiani— The  Hita|H<nsinii  nf  u  ti^t^illn  or 

iiiuf^iiul  liy  Iwu  IIIii-i'H   ill   pIuL'i;  o[  a  niitgle  llliiv,     {S<k   Hal- 

imee,  Di-Fitar  .S ««/«-. mini.) 

Bl-Filiir   Wfiitlllis  or  Coil*.— -V   wimllii;:;  ut  u  i-oil  of> 
IHlnagib, 


Tllll: 


ll-i..lf  A 


ll.l. 


yA  ill  ii'sistauLi.-  coils,  so  us  to  HVoirf| 
ii^igliboriiig  iiiaLrunii'nb'.     (HtHt  C 


Wfsi«taBre.) 

Binary  (kMnpound>— In  chvmialry,  a  uoiupoitnd  (< 
by  till!  union  of  two  dtlTcrpnt.  elements. 

WttU-T  in  u  l>iuary  i^onipoutid,  lii'lng  Tornieil  by  tlio  iinJoi 
o(  two  utotns  lit  hyilriigpn  with  one  uluni  uf  ox.v^n. 
clieiiiiiiil  coiiipuBilInn  is  tliiin  cKimiRsi^il  iu  ehr.miml  Hymbo&t 
Vl/..  II, O.  wlii.'li  iniluviU'!-  Iwii  lUoiLi-  of  liy.lmgoo  uomblaed 
or  ctiemiciiilly  united,  with  unc  uloiu  ut  oxygim. 
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redevit*,  prfvrcoiiiiivtinsUillcrfnl  piiiis  of  an 
Lric  uppuruliis  nilli  one  unothiT. 

Rw  m>nilut'liH{{  or  circuit  wiiv  is  <'illi<:i'  iiilroilutt-il  in  tlie 

opening  (1,  Kiji-  Ca,  ikuiJ  clampi^  by  Hit'  mri'w  f' ;  ui-  is  plaotvl 
•  ti  tbcBiKiu',  lid,  unilki--iit  in  jihux  by  int:!iuiH  of  a  thiiiiili-srt'ew- 
Hoiuplinies  two  opuniii;^  lire  pruivKii^d  al  c  iintl  c',  for  tlw 
ntu-iHHii.-  of  (.'Oiiuci'tiii^  tivu  wir(»  Luj-edior. 

VlultiSjr,  Elcriro {See  Electro- Hiolonti.) 

Black  Lvad.— A  vainily  of  i;arl>un  t?m|ili>j-e(i  m  viirioiis 

Irical  (irtJi-Tssis, 
Pliirk  li'iul  isnisoitTiiif}  jilumbagoijeyraphile.    (Bt'eP/ufn- 
.     OmphiU,) 

tiutlliK,  Eloclric Tlie  electric  igiiilion  of  pow- 

<r  oUier  iiuitRriul  ID  a  blast,     (Si-t*  FtHe,  Kleclric. ) 

[  Sloarblng,    Elvclrlr UleiH'lnn?    ihooisssi'b   m 

"Ml  llii'  lii^ucliiD^  a«:i-al4  aw  liburutuU  iih  ri'i|iiir(Hl  liy 
WOKcm-y  at  ekplrolgtut  dccim/HMiilMii. 
L  In  thi!  iiron-fA  uI  Niuuljii  iiml  Unlet,  (he  (.'uiT>.-iit  fi'uiii  a  dj- 
Kti'lciii^u.'hlni?,  Ih  jiiLSHvd  tliiMuifliusulutioiiolcuminon 
Hdl  bt^twccn  twii  i^losi!!]'  iipproiLoliiMl  olci'trotkii.  Tin-  i/lilorine 
dftuilliiin  Itius  liIiKnileil  rt<uot  v»  mu:\i  uther  and  furm  no- 
^i&uui  liypli<Klikinil>',  wlUili  is  ilniwn  olT  by  niiiunH  ot  u  pumji 
il  lUH-'il  Inr  likiu^liin^.    (Situ  Eteiilri<ly»iM.) 

L  Block,  Branvb (SwBcunoft  fliocfc.) 

I  Block  ftyalvoi  fbr  RiiIIwsj'h. — A  system  for  8«<:uring 
■fvty  (rum  rollisioie  of  ruuvinjf  railrotid  trains  By  ilivitlin^ 
'ttr<»>*'  mloa  iiii:)ilii-rof  l>l'>ok.tort«>i:tioiisoragiv(?a]i.'n^-tli, 
to  uiMQtiiiniii;;  t'!]L-f;r»pliio  t.'ammiinicatjoii  b(<tivc(;n 
*  Imnti-iliit  tlir;  i^mlaof  citchof  siii'h  Mucks,  iiAtoprevoiil, 
I*  Uh!  (lispluy  i>r  Hiillitblu  sih'iiiilH,  muii;  tliuii  utiu  traia  ur  ca- 
C  from  buin^  uii  tlm  Kiiinii'  blm'k  »t  tin-  siime  time. 
Ills  »f  bliH'k  Hkilway  syulems,  vus,  : 
t  "nio  AbnilnU  tihmk  .SyxU-m. 


In  111?  abttoluti!  s.vstem,  wliich  In  ur  i-uurae  Itut  ■ 


Inn  I 


«.iy  . 


milted  t 


r  particulvr  b 


III  Mi>>  periiiuwivi'  block  ^-Btem  m^irv  Lliun  Kiif  tniia  u 
raittKil,  iiiidtT  itMliUH  cuvuinstiun'i?  anil  t'onJitions,  to  ix 
thr  snim-  MiM'k  simultiuieouiilj',  cai'li  li-inn  thf  ii  beiiu;  no 
1)1  Iliti  tflct  Ihnt  It  is  not  alone  on  Xhn  liloct. 

TliL'  ulmolut^  block  syslPtn.  though  ■.•xpensive  to  cons 
uuti  niiLinluin.  la  ttie  only  one  IJial  stioiiM  In-  [wrmittpJ  ii 
lo  rxiM  on  riinds  wliose  inidic  ri^aclics  a,  i.'vHiun  amuant. 

Tlic  ati>ioliit(- hloi-ksyKtoiii  IS  eiiipluyed  uD  the  LiindoT 
■IffrgroumI    Ritiliaail,    and    on    the    PfiiiLty1v*ntii    Rail 


In  UR9  on  tlie  New  York  dlvisii 
;i  Railrouil.  is  as  fullowK  ; 


t%g.sa. 


Thf  rnoa  bviwu^a  VUiliuie\\>\im  and  Jcrsi-v  K'Hy   Is  di* 

i«  sev.-iily  SL.ttiuns,  tli.- Ii-ii>rtl.   <•!  ■■.'nil  willon  I: 
ut  ua  thu  aiiKiunt  i>t  daily  Iniltlc;    tliiis,  Itaj 
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•t«  flNe<>ii   "ffliotii 


lugh     Uie    Uistuiice   is   only    7.fl 


^**  mcb  Ulock-tower  there  are  ronnertions  with  threosi'i.ar- 
**^  Hull  aistitict  IelesrH|)li  lines  nr  ciiciiitu,  viz.  : 

(1>A  line  or  wirn  cttUed  the  (rum  tfiVc,  cunnwling  the 
J*H.-k-lower  vHlli  Uif  Genarnl  Dispaklwi'a  oftice  at  Jersey 
'*^y.  This  lino  is  iweJ  for  HenilJn^  train  orders  only. 
<a)  A  lino  or  wire  Ltillod  the  block  irire,  cooiieoting  each 
iwnr  with  the  next  tower  on  euch  siilp  of  it- 
hue  or  wii'e  oallei)  the  im-nangi'  if  ire,  unt)  laiiutl  tor  IdiLiI 
Ic  nr  hiisint^s. 

n  g*'iii?mt  iirmn^metit  of  th«  block-tower  in  slunvn    in 
58. 
ich  of  the  UloLlk-to^v^^^s  is  KiitHciHtitly  elevatwl  above  the 
d-beil  to  pJHotA  thi>  o|terular  an  iinoliHtniclj^il  view  ol  the 

W  opfTntnr.  huving  osc^rtiilniH]  the  a^^tuaJ  eondition  of  tlie 
■  by  ob^ei'Vation,  or   hy  li-li'^niphie  mnininnieii- 
t  wtUt  the  nlalioriK  on  eltliir  Kitli;  of  liim.  (jiveH  uotice  ct 
1  i-iinihlicin  louli  tiiiiiis  piisKin;-  hix  sliilion  liy  the  tlispluy 
•Ill.i[>hore  si^niLln. 
Tbx  tu-piit[iliorf>  Mii^iiuls  us  iiHed  on  thin  I'Oiid  are  tiliown  nil 
>)«wtBS  page^,  III  Fiifs,  r>l  iinil  Ki,    The  fonn  bIiowh  in  l''iv:- 
d  III  the  nhsrilutn  syKteni,  and  that  shown  in  I-'i^.  51  m 
nbHivo  Kysleiii.      Ttiew  fiigiialR  oonsittt  •■»teuLially  o^ 
■riglit  mpimrt  proviiJetl  >vilh  a  movable  iinii  A  B.  t'all.'d 
MjiAnrrai-rn, i'u{iubln  of  bi.'ing' si'l  in  iiny  i>t  Iwo. or  lliii'e 
The    xeniaphoi'i'   nigniil    is    |iliu.fd    oiilsii.!.-    iln- 
iWer,    often    Kevei'al     hiiniln-d    ft'i't   awiiy.    bill    is 
t  from  Ihe  hiwiT  in  nny  of  tin-  di'sii-eil  piwitions  liy 
lur,  by  Ihe  niovwiii-nt  of  rods  conneeted  with  jev.-i-s, 
I  I'lm,  in  Uie  pemiisHive  sysleiii,  In-  set  in 


r  whe 


'  Ihe  seriiapliu 
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fi>  <>r  it  may  be  dropped  down  from  the  horiiaatal  pom-'* 
tliriiuffli  an  angle  of  73*,  a«  shown  in  Fig.  54. 
',3)  Or  it  msf  oci-upj  a  poaitloB  exactly  inlermediot^v 
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wi>r.nll)ollmt  null  III! 
hIiowii  in  Vig.  05. 


ir  37"  30'  bplow  the  horisonti 
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only  Rif;i7iifle8  caution,  and  permitB  the  train  to  cautioaily 
enter  the  block  and  look  out  for  further  rignals. 

The  seinaph(»re  arm  conidsts  of  a  light  wooden  arm,  11 
inches  wide  by  5!^  feet  in  length,  painted  red,  or  other 
suitable  (•ob>r  that  ean  be  easily  distinguished  hy  daylight, 

hy  night  tlie  positions  of  tlie  semaphore  arm  are  indicated 
by  colored  lijirhts.  These  liglits  are  operated  as  follows ;  vis., 
ill  the  absolute  system,  the  semi^ihore  arm  A  B,  pivoted  at 
A.  iM^urs  ai  its  shorter  end  a  disc  or  lens  of  red  glass  R,  and, 
in  the  p<»rniissive  sj-stem,  below  this  another  disc  or  lens  of 
KriH>n  kIi^^"*  ^^'  An  oil  lantern,  provided  with  an  uncolored 
glass  l(Mis,  is  Ko  supported  on  a  bracket  fastened  to  the  up- 
right thai  when  the  semaphore  arm  points  to  danger,  the  red 
glass  is  iiiiineiliat«>ly  in  front  of  the  lantern  ;  when  it  points  to 
caution,  the  grcon  glass  is  in  front  of  the  lantern ;  but 
when  it  iM)ints  to  safety,  the  lantern  is  left  uncovered  save 
by  its  uncolored  glass. 

At  night,  llicrefi>re,  when  the  semaphore  arm  is  set  to 
danger,  a  red  light  is  displayi'd ;  when  it  points  to  caution,  a 
grcfu  ligbi  is  displayed  ;  and  when  it  (xunts  to  safely,  a  white 
light  is  ilispliiyed. 

The  green  light  is  only  use«l  in  the  permissive  block  system. 
In  the  absolute  block  syst4Mn,  the  semaphore  arm  has  two 
positions  only  ;  viz.,  danger,  or  horizontal,  and  safety,  or  75* 
below  tlie  liori/trnt^il. 

A  single  arm  is  used  when  it  is  intended  to  govern  a  single 
tnutk  only.  Wbere  t  he  condition  of  a  number  of  tracks  is  to 
be  indicateil,  several  arms  are  employed,  one  above  the  other. 

When  semaphore  signals  arc  pliu*ed  on  eivch  side  of  a  double- 
tnu'k  road,  the  semaphore  arm  pointing  to  the  right  of  the 
vertical  sup)x»rt  gov»»rns  the  line  running  to  the  riglit. 

When  the  semapbore  signals  are  phuH'd  at  junctions  or 
switch-crossings,  the  o|x»rator  in  the  signal-tower  opens  or 
closes  the  switches  from  the  tower  by  the  movements  of 
*««par«  that  pet  the  switclies,  and  then  displays  the  proper 
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biii[ition>  bIkiuiI  foi-  Uial.  crtWHing  or  route,  vcA,  or  >i(inger.  it 
^riiuteisliliH'kcHl,  udJ  whilt;,  or  safety,  if  it  is  clear.  Hsre 
I  interlocking  upparutus  is  etnploytid,  whicli  consbtM  in  a 
V  by  means  of  wliicli,  whnn  a  route  has  mice  btipn  set  up 
a  aij^iial  givun  tor  Uiiit  ruiile.  Die  swilcliex  hiiiI  si^'nutti  lire 
llil«rlocki>d  tliut  no  Kignnl  cun  pOHuibly  be  {{iven  for  a  con- 

U  routi*. 

Rin  signala  or  swittrbes  are  opnruietl  by  means  of  iron  ruils 

rollers  or  piilli^ya.     Those  ro<la  are  attaeheJ  by 

labia  connections  lo  the  sw'ttj^b  or  seinupbore  nigniils,  uiid 

opemt<>d  by  ni<Mins  of    levera  from   the  signaMower. 

ptcliMi  ciui  tx!  opiirateil  na  far  aa  1,IKK)  feet  from  the  lower  ; 

wis  na  far  lu  3.-'i00  feet. 

Soloreil  fwritrli-sigimls  are  plafeil  opposite  tbe  end  of  Die 

lltcbM  to  inilli-ule  llie  pi.>siliuni«  «r  tin;  swildi.     These  Big- 

Ib  consist  of  red  unil  white  discs  fur  liity,  and  a  lantern  pro- 

d  with  rod  iind  white  glasses  tor  niglit     When  the  awiteh 

hftny  liiiti  i8  0|M'ii,  the  Mwitrh-signat  hIiuws  red  :  when  shut, 

KAhaws  white.     Thtse  switfh-siynals  are  only  used  in  the 

>  pMHStfnger  train  is  [>ei-milteil  on  a  block,  after  »nolher 
11  has  piusfd  tht;  •lignal  »Lati<>n,  until  a  dispulob  has  been 
kveil  fram  the  xl^tion  ahead  that  the  tram  iia»  piisseil  and 
f  Mtxtk  is  lliLis  i-leui-ed. 

•  Ml  udibtlonnl  pri^^nution  n^iust  reivr  collisions,  tnt'I- 
!*  »rv  dmplfiynil  nt  tbe  ends  of  the  trains.  These  L'ousist 
Lntems  pla('r<d  on  eiLcli  side  of  the  rear  end  of  the  last 
Ttiiw  bvntcnis  are  fiirnislied  with  three  glass  Klides. 
]«  «r  tbn  htnlern  towards  the  rear  of  the  cur  shows  a 
HIigbt ;  Lliut  to  tbe  frunl  and  Mile  of  the  car  shows  a  green 
Tb«  i^ngineci',  lookinif  out  of  tbe  cab,  can  thus  see  u 
n  lif^hl,  whic'li  sHrvesiis  a  "  marker"  undindicules  to  bun 
19  ititiu'L  Ily  diiy  a  green  lla^,  pliwed  In  the 
9  piMllliHt  us  the  lanlei'ii.  serves  tin*  siLiiie  purpose  as  a 
An  olnerver  on  (hi?  Iriu:k.  or  m  the  tower,  sees  the 
[llto  oa  the  rear  of  the  train  when  it  has  passed. 
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Ttviglit  traina  sre  now  run  on  K|Mntte  hades,  eswpi 
m  placid  ivliere  the  extra  treeb  are  not  jet  compIeM- 
H'Ti!  thi'V  ilo  not  run  on  schedule  time,  but  are  permiltcd  to 
follow  onp  another  at  intervals  thad  depend  on  the  conditiaii 
ot  (he  tRU'kH  iLi  iihoirn  by  the  signala  diqilayed. 

Blow-Plpc,  Blectric A  blow-pipe  In  whkh  the 

p  p  alrbloat  is  mpplied 

by  the  Btreani  of  air 
pari!  He*  prodnced 
at  tlie  point  of  a 
chnif^cd  conducrtoT 
I  _^^^  by   the    convection 

4  Ak^  diacharge. 

The  candle  nnmi> 
^Fig.    B6,    b   blown 
the    direction 
^  HhownbytheHtream 
f^-  '^-  of  air  particlea  paas- 

iii)^  olT  Iriim  Ihe  i>oint  P.     (See  CoHfwtion.  ElecMe.) 

Blow-Pipe,  Electric  Arc A  device  of  Wer- 

ilcrniann  for  ciitUnff  ro<ks  or  other  refractory  substances,  in 
whii-li  till-  Iii-ilI.  of  the  voltaic  arc  is  directed  by  means  of  a 
iiiaifiiol.  or  hlust  of  air,  against  the  substance  to  be  cuL 
i;  {ilaciHl  parallel,  i 


.  I»r<>:ulily  t-nlor  llio 
■   fiisid.    'This 


(  tliii 


hiM 


I'xiet 


■   |.r 


As  shown  ill  FifT.  r,T  the  voltaic  aiv, 
luki^n  bi:l  wi'cn  two  v<>r1  ical  carhim  ek-c- 
ti-o<l.'s.js.l(-tlwl.>(linlci;(li..mj.Hliilpi.!ii. 
tioii  iiiiil<.'t'  till!  iiiMiK'iiii-  I'f  ll»-  inclined 
p<ile«  of  a  powprful  I'li-ct  ro-iiiajj-iiel. 

Till-  liitflil.v  liuulfd  curlwii  v;ii>i)r  that 
cuDstttiilos  the  voltaic  ai-c  \h  lieHected  by 


4.  Multiple  Swilrh A  ix.anl  lo  svhirli  ili. 

■oua  eiri'iiilN  eniploycil  m  syslpiiis  cf  l<'lL>;jni|iliy,  tnW 
,  annunciator,  or  cli^tru:  iighluiiil  |)ower  ciiTiiitH,  ur 
inected. 

B  dnvira^  are  employed  for  plosing  thi-se  pimiits,  o 
f  COnnectiDg,  oi*  Rrnwt-conn acting,  them  with  one  anothi.'r 

b  neagliborin);  circuits, 
k  luiiltiple  switch  liuanl,  (or  example,  for  a  lelpphun 
h!tiaiU0<!v  will  nnalila  the  operator  to  connect  any  siibscrilic 
I   tJir!   line   with   uny  ot.lier  HUbHOribor  on  Unit  lino,  or  o 
ni-ighliriniif;  hnr.  prnviHi^   with  u  multiple  sivitili 
nl.     To  lliiH  I'nd  111"'  Mlowiug  pitvie  iii*  iiiT«!i»ary : 
I  Dcnt-Rs  whereby  csu'h  Ime  entering  llm 
Ui^can  tfailily  httvo  inserlntl  in  ilsuiitiiit 
p  <.>onnts.-1ing  it  with  anutiii-r  line.     TIijh 
plisheil  by   pluring    nn    the   hwiIcIi- 
I  a  separali'  »jtTing-jnek  cnnneclioiv  for 
I  svpa^»t•^  linf,    Thit  i'onnt*Uim  uonsi-^ts 
•ntiiklly  of  cine  ur  two  spi'in<^  niode  of  uny 
ritiu;  iiiotui,  whk-h  xr<>  kept  in  metal 
■t  but  whicli  can  b«  Bi.-[iarat«il  from  o 
»r   by  tho  introiliiction  of  the  plug  key.    Fig.  OS,   IJio 
mIh,  n  tiiiil  b,  of  which  un;  insiiliiti.-tl  riimieach  eillier.  unil 
leU  to  111..  .-mN  or  [I  loi.p  .■..iiiiiig  from  anolli.<r  lin.'. 
iscrteil.  fill'  iiiil:ilii>  ■-iirin!!  or  Rprin^s  of  Ihi? 
Ring^Jack  an>  ■K'pimiii'il,  xw.'\  \*v  iiK'tiilhc  pipci'.t,  a  ami  b. 
Iglilinlo  gooii  bIiUiiij,'  LOiilaLl  Ihoi'ewith,  IhuH  iiitrtiducing' 

p  tldo  tlic  (n'ruuil.     (See  SjiTiag-.lark.) 
t)  Alt  many  »efiHratf>Anniinciati>rDrops!i±.lbere  are  sepamte 
NHVlbM^     Thf!^  urn  proviiletl  so  »s  to  notify  the  Central 
iflhv  pniili'iiW  snb'ti'riber  who  iliuiii-vs  a  t'mmectJon. 
i.-ull  the  upeiiitor'it  ulleiilidn  to  the  calling 


Fig.ca. 


liftMtl,  Klurlrlr A  L.011,1  |iri.viiIfiJ  wjlh  rlc.-li  k'  mo- 

wiCln'lrif  puwru'  has  bi^cii  ii])plicil  liolh  for  oiilinury  vpsscIk 
(t  foriiiib-iiini'ilii- f^ji'liT'ilu  buuU. 

Bobbin*,  Elcclrh- Ait  inHuluUMi  cuil  lA  wiii:  for 

1^ Biei.-tiv-inay:tn^L    (S<->'  Cnila,  Elr.clric) 

Vody  ■*rolc<-l«»r,  Eli-clric A  di-vii'i'  tor  jir.i 

Sting  Uiu  liiiiii^ui  Uxly  iJ^r-^insL  IIik  ucciiluitbil  putisagi;  vl 
(■clnHric  ilisi'liiU'gi-, 

oprotei't  ttit-  liimiuubiHlyfmintiiuuwi 
tl  iKueMgo  llimugli  it  vl  iluiigci-oiui  eluc 
KemTRnb,  Th-luny  pliu.t-s  » ligljl,  Ilcxibk', 
WIletlllK   wirv.  A  A  li  1.  L.   in   tlie  i«tsi- 
t  shown  in  Fif.  BO.  Un    llio  |>ii>'|..>k 
'   Uw  gnuilvr   |iiii-t  iif    tliu   '-iin 
d  [BHlmul  of  tliruu^'li  Uin  i<(«ly. 
t  ioBiUnUng  alioU'Soli^    for    U-^ 
p  UiM  diingicr  fi'iiiii  acciib>iiUU  !■•>»[. 
ra)(b  i^iiuiIl'iI  circuits  biivi.-  iibo  Iumh 

•llcv-Veed,  Eloclrlt- .\  drvi.-.-  n-i-tiulumalii!- 

I  U|Haiillg  ii  Uiih-r-tfril  ii|i|iLii'iLlM.s  rl.'.  Ii  1.  :illv.   wln'ii   till! 
fir  III  Uh'  b(illi!i-  [uIIh  to  11  iTi'litlri  |'i'<'<k.'1<'rii>iiii.'<l  poinl, 

—A  unit  rt'Winlly  [.i-ojiuwil  lij-  llu;  Britisli  Aasociii- 

lu*  bole  w  uquul  t<>  odo  grnniuio-kiae, 

«moIer,  «r  E.iui|;le)-*a  Tlu'rniU-  BnlHiirr.— An 

ratUMfur  il.'l.-i'iilriin-  "kim.II  iliirrri'iic.'N  <ir  1.'jii)..'nil<iii<, 
I  il.li'  of  Uio  dijfcrenti«l  uiiinni.iiiieliT. 

■  uiil  cuiii|«'KCil  <i\  livii  •.(■|i,iiLili'  m-^iiUilvd  winsi,  wuiiiiil  !■>- 

p.  uinnsj«'ii'1<'il  iLi:i  riM;:iii>lii   liiiil,iunl  buH  u  I'tirii-'iil  Mint 

It  li.     Uml'T  [hiriiiiJ  i'<ii>iliiii'iiH.   IIiIm  ciirroiit ■H'lHiniti'H 

J  IKii'to,  uiiii  riiii>  i.l.iijii^h  ihi>  wirrs  lno|i|w>s)to 


86  A   DHTIOItARY  *>r  KLSCmtrAL 

directions.     11  llir>ii-f.irr  proiluces  niiM'-nsiljIpdrfd.  i 
nodeDecbiMi  iiv  ili.'  ii.'M  m  whicli  it  U  !iii>t[tenilisl.  \ 

Any  lociii  .r|.(iii.  .iimii  i.r  hiMtt,  Lowovi'i-,  uiiisint^u  tlilleM 
in  reHistaiK-',  |ii.'i.-iyK  lliis  i^jutility,  A  flrld  ia  Ihuri^fnMi 
diiced in tliL  .>i,!.|..iiil..l  loil,  wiiluh,  tlimiirtt  oxt4\;mply  mt 
is  render*^)  iii>>itHiii'»lilH  by  tntwus  ul  tlie  powtirftil  Ildd 
duced  in  tlia  uoil,  uritbin  wliiuh  Uie  doutitc  i-ull  in  Kuspontle 

EHfferenn-s  i,t  |i-mpcmliirc  »s  small  lui-rr^  degree  F. 

detected  bj  Lbu  jiuli'uiuoiit. 

Bombardment,  Wolecwlar-   '       —The  forcible 
tilinear  projection  of  inolccuica   in  exhausted   veiwelit, 
tukcH  place  fi'oni  the   negutive  electrode,  on  the  puHtagi 
electric  diHcliuixes.     (Sue  Mailer,  Hudiaut.) 

Boreal  Mafnet  Pole. — A  niiiuc  sometimes  employi.' 
Fr&Dce  for  tlie  soiitli-Hcekinj;  jinlc  of  u  muguvt,  an  di) 
guisheil  from  the  austral,  or  north-Kecking  pole. 

That   pole  ut   a    magnet  which  points  toward    the 
graphical  soulli. 

If  the  earth's  ini^^'netic  polu  in  thu  Norlliern  Humispher 
of  north  niuf^netiHiii.  then  the  jjole  of  a  n«edle  tliat  ]»oiiit; 
it  niuttt  be  of  the  opiHi:«Ltu  pularity,  or  of  south  luti^et 
In  tliiH  country  viu  i-M  tliu  end  wliieli  iMints  to  the  north 
north-Keeking  end,  or  tlii;  murked  pole.  In  Franoe,  the 
which  points  to  the  noilli  is  culled  the  auKlrai jxrle.  Au> 
means  Hoiitii  pole,     (See  Auntrul  Miignet  Pole.) 

The  auHtriil  is  tbere/nre  the  niirtl^secking  jiote,  and 
boreal,  the  south-seeking  jiule. 

BoucherlzlD^, — A  process  adopted  for  the  preserva 
of  wooden  tele;^niph  poles,  by  injei'ting  u  solution  of  co| 
Hi)lpliai.c  into  the  jioi-ex  of  the  wood.  (.Sec  Poles,  Tetegriijil 

Bound  and  Free  Charse.— The  condition  of  an  c 
trie  char'g!  on  u  conductor  placed  near  another  conduc 


'""  wpMKled  trtini  il  hj-  u  niPil     n    tl  ro  ^     w  I  I    tro- 

''<'WfO»i»r(i»i<JinUikepliM.  <«<■/«(  In  hi  Inndilc 
TI19  dwrKw.  \m  u  iMiiipl  l«lj  suUl  d  c  ndu  lor  eodllj 
I""'!-,  it  wlirn   i«it  in  coiiln  t  w  tl    ft  1,0    i  t   r    o 

"«««I  Kilii   Uic  gn.nn.!.      Tl  e     I  art.      u  H  s  I  t    o    is 

•"Uwl  h/iw  o/inrtfc.  Wlioii.  howi  \  ur.  tLo  umdm  Icr  i»  pint,  d 
"W'lMiolliercoiiilm.'tor,  but  tM.-iHiriited  from  it  liy  u  nictliimi 
■brougii  wtikti  inductioD  i-jiu  tukc  ptai:r,  a  cliai'ge  iif  the  oppii- 
"l*  tuuni^  is  induwd  in  llin  tii'igliburing  i-oudiiitor.  Tlirs 
"Wrso  in  llP-id  or  Louud  oit  thu  lUDduotor  liy  the  iimtuiil  iil- 
''Vtkin  o(  till-  opp<)sitn  chai^'CTt. 

Tu  (liscliiirgc  11  hiiiind  diiti'gi^,  butli  uundui^toiii  inuat  bt;  siiii- 
nJlannoiiHly  tuiiilml  liy  any  good  uundiictiufj:  HiibsUinci!.  TIih 
tiDUiid  di!U^«i  wiis  tonnci-ly  cullfnl  ditaimulated  or  latent  elrf- 
tricilg.     (St?«  Cfutrge.     DtHtimiilateil qi-  Litteul Kkclrtciln.) 

Box  Bridge.— (Hop  HalrxHee,  W'liealsloHe'a  Ekcti-ic,  Bo.r 
fm„.,/.) 

Bnx,    bimribulUm fbr    Electric    Are  Light 

Circuit*.—  A  ilcviui-  by  nii-uiu  of  wliiiih  iiri;  mid  iDoandeswiil 
liglit*  Diiiy  lie  HiiriiilUuiKOiLsly  cnipl  lyed  an  tEiu  hhiiii.-  lini' 
from  a  ixiunluiii  curreut  dyuuiio  ekutrin-miuiiiiiie  or  olhfi 

A  |N>Hion  111  tbo  line  oircuit,  wliose  dllTiireni^  of  puLciilial 
liiufHrJnat  lu  uiwrutp  tlie  ^lectro-i-ereptivB  duvice,  as  If r  ex- 
ample UQ  inL-uadi^SL'L'nL  lump,  ia  divided  into  eiidi  a  nuinber 
rf  mnltlple  vinMiIU  u*  will  provide  a.  uurreiit  ol  the  reiiuisile 


■trf!D£Ui  /or«U'li  ijf  \\u-  ik-vid'H.-   In  unliT  li.  [ina.'tl   llie  re- 
t  llie»i'  dn1i^•'H  so  inlprpoliiti'd,  1111  lln- cXtinHHisll- 
of  may  of  the  divit-cs,  nutoiimlii- cut-ouls  ai'-  provided 


which  divert  tliu  turmni  thus  cut  off  tlimut 
ajiiivuleal  to  ttinl  o(  tlio  ittivic«. 

A  vuriL-ty  tir  (liHtribiitioD  buxi^s  uiv  in  use. 

T\k  cliuriv'ter  ut  circuit  ttnipIuycU  in  coiincctiuii  wiUi 
Iriliiiliou  boxea  ia  ahown  iii  Fig.  Bl.     (Stn*  L'treiiita,   I'arU 

Boi,  BcNMlMnrc A  li»x  cuutiLiiiMig  h  uuidIn 

Btuiiiturdiiti.'ii  i-iBiislKiK'ii  culls. 

Ttie  resisluncc  bux  iui<l  (xiiln  un.'  uf  tbc  sunn:  i^nvnil  i 
Htructlun  UH  the  Box  Bridge  (8iw  ifn/fincr,  1('A««iM 
BU^rie,  Box  form  of.) 

Brackul,  ■.amp ~A  di^vicc  for  balding  iir 

jforting  an  electric  lonip,  Hiiiiilar  lo  u  bnv^kcf  ri>i'  il  ^o^  Itu 


/iff.fi) 


Liunp  brackels  i...-  cilb.-r  llxcrl  or  iiiov»bl.t.     Thonn  slir 
in  Figs.   63  and  IB  arc  llxc.i.     Tlial  sl.own  In  Fi^-.  01  lit  ni 

BravkcU,  TcICBrnphlc «r  Arni».— Tli«  i 

or  criiss  iiiin^  on   li-li-giiilib   poles,  inovidw!  fuT 
V  ioHuUiloni  ot  iL-li'gmpLu;  liiWB. 


fig.  65.  shows  u  furm  of  iron  brat^ket.    Fig.  IK,  shovta  & 
lorui  uf  V 

Vbtwim  wt'll  known  modilications  ot  thosi!  shapes   are  in 
mmnion  use     For  ii<-tai\a  see  Telcgmpk  Pnlen. 

Bmkv,    Elcflro-3lnKn*^l'(* A    braku    for   car 

whwis.  Ihr  lirukiu;^  iKiwi'in  for  which  is  citbor  derivoil  from 
vlf.-trti-iiiii.gTicUsni,  or  is  tlirowii  into  action  by  oleL-tm-mag 
Dtlii*.  deviiMs. 

EIoctr»-tnitgnvtiG  tw  brakes  aru  of  ii  e:reat  vuriely  ot  (orms. 
Ihejr  may.  bowevtr.  bo  urrungeil  in  two  cliisacB,  via.: 

(I)  TIwMO  in  which  magnetic  oitliesion  or  the  ma^etic  ul- 
tnuTtlon  uf  Uie  wh^ls  U>  tlic  brake  is  cmployeil. 

[)  Onlinary  brake  iiicdiiutlBm  in  which  the  (or™  operatins 
Ihe  bfttki?  (h  ihrown  into  u«lton  by  an  <>k>(-tro-iiiagnot. 

Brake, Prany  or  Prirlion a  m-'-h.-uiiiwidc- 

rii*  tvT  iu>-wiirins  U'l'  |"Jwr  of  ii  ibiviti;;  ulitifl. 
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An  inflexible  beam,  Fig.  67»  is  provided  at  one  ei 
clumping  devitv  for  clamping  the  driving  shaft,  ai 
other  end  A,  with  u  {Kin  for  holding  weiglits. 

If  the  brake  be  an 
shown  in  Fig.  67» 
shaft  rotate  in  the 
of  the  arrow,  the  tei 
to  carry  the  beam  arc 
it,  placing  it  at  one 
f%g.  87,  in  the  position  show 

dotted  line.  If  a  siiHicientl  y  heavy 
weight  be  placed  at  .r,  in  a  i)an 
hung  at  A,  the  beam  will  iissiimc 
a  verti«'al   position   ilown wards. 


If,  how«»ver,  the  hmim\  or  twist- ^^-^1 
ing  foife  of  the  driving  shaft  In*        — 
balanced  by  the  weight,  the  bar 
will     remain     horizontal.       The. 
j>ow«*r  <'an  then  be  calcnlated  by 
nndtiplying  the  weight  in  pounds 

J        by    the    (•ircuniferen<'e 
of  the  circle  of  whirli  t 


Fig.  as. 


g2j\ 


^21 


^ 


> 


A 


a  nidius,  and  this  prodi 
uuniber  of  turns  of  th 
shaft  per  minute.  The 
will  be  the  number 
pounds  per  minute,  ai 
divi<led  by  33,0(K),  will 


HurHv-Vrnvvr,     (S«m»  Ifin'sr-Poicer.) 

Some  modified  forms  of  the  Prony  Braki;  are  show 
i\H,  ami  00. 

DrHlU*ll-Blo<*k. — A  devire  emj>l()yed  in  electr 
for  luking  off  n  branch  from  a  main  <'ircuit. 

Breaking    Weight    of   Telci^raph    WIr 

weight  which  when  hung  at  the  end  of  a  ^vire  will  bi 
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ni 


Onlinnr.V  cnppt'r  vWe.  will   lii-etik  at  uliiml    IT  lnii.s  t.i   tli<' 

1  i)f  I'rosH-stictiun.   <!uiiinitin  wiiiiijilil  irmi  lirpiik-*  nt 

ISluRH  to  Uw  ^lUiirr  jniili.   Wlii-n  driiwn,  tin?  Iiviiliin^  wi'if^UI 

b  often  as  f^rntl  ns  40  tir  60  tonn   lu  iim  ^ijiiaiv  i<i<  li.     'I'lu'-si- 

II  tu  lio  ivf^ilinl  its  u|ipri)ximiiiti.-  uiily,  tiitni;  (lilFur- 

«  in  Uiii  pli^vHU'itl  (iitulitionM  of  ihkIuIb.  um  well  as  nIil^IiL 

irlMlniiB in llieirtlieiniral i-ompiMiticiii, often  prodiioi! marboil 

ill  tlicii-  breukin^'  weiglit*. 

[  llreath  ilsut"*^*)  ^'***'"''*' f'^'^"  fiO>trvii,  Klee- 

■      r  lirei-lli.i 

[   Brid^-,    KIt'i'lPiv iSrr    IlalancK,   %Vht:alstmivH 

Elcrtrir.) 

[  BpM«e,  Slnipielic An  iippuralus  iuvenM  hy 

^li«on  for  ini'iuiinng  ma;^iietic  itislKtuni.'!?,  similar  in  priui'ipln 
0  WheubtUiDi'b  Ek-i;lrn;  Bii.lf,'e, 


^TllBIuagni'lii- l-rijge  l«  iiiitu'iloii  111.' fa.llliiiL  Iwo  |»jitits  iit 
(■  tiiugui'tli.-  poliiiliiil  rriil,  wlicn  i'oiiui'<L'U.'tl,  to  ]iroiliU'Q 
\y  actiun  un  li  niji),'in'tii?  nccille.     Tim  incmfiiel  i<:  Iti'lilgK  iiii»y 
[<«d  us  shonn  in  Fij^.  70,  ut  tuiir  hIUuh  iniiilt-  ot  pui'e, 
Diroa.    Tlie  \><t\fm(it  lui  flec-ti-o-magai;!  lu-e  <.-oiiueiiltsl,  ub 
burn,  |4>  prujin.'tions  ul  the  iniildic  of  ttie  short.  Hid"  "f  the 
l£bi.    By  tliit  tiJ>':ikti>i  (L  dilTcrQUVeol  niognnttr  jiott'iitinl  M 


■»:  A   DIlTIONARY  OP  ELECTRICAL 

.  •   !li''-»-  |-'inl>.     Tin*  tw«>  loii;^  si«l«'s  aiv*  foriiMMi 

'  '.  ■  V.  -s  ,  .1.  Ii.  wh;.  |j  form  tlio  four  unii.s  of  tliv  IkiUiih.i-. 
i"  .\     .  •  '  •  •  ^"^  «'niy  .ir«'  iii«»val»l»'. 

1\\.' ,  ii!  \i  .1  iMfs  ».»f  si»fl  iron,  K>[  tin;  siiiiur  :irt»ji  of  rros.s-s(i- 
•  !  .»-  *ii"-  ;iini<  »»f  ill''  hriili:**,  ri'sl  on  tlio  iiii«l(ll<.'  of  tin;  loiiu: 
.-.t  ii  ^.  :ii  ill'-  all  Ih-il  ^'ui|H'  >tliii\vn.  Tlh'ir  on»ls  apin'out'li  lU'ar 
:!!•' 1<<I»  ••(  tilt- all  li  \N  iliiiii  aitoiit  a  lialf  Jiirh.     A  Sparta  is  hoi- 

\\..i  ..III  li.'iwmi  tli«*M»  finis,  for  llio  rrrrptiou  i»f  a  short 
;  .  ..  .•  .!  w.'il-iiiairiKlizrtl  hardi'iunl sIl'oI,  siisjH»in.led  hya  win* 
!  ■  •  'i  .1  » .  •'  -si.tn  !i«'a«l. 

l'!;-  \\\  'S  •iiM-iii**  »»f  ih«»  mM'fllo  art*  iiioiusiirtHl  oil  a  scale  hy  a 
-[•.•'  .1  !uh»  r»'ll-'i  l«-tl  from  a  iiiiri'oi*. 

Tl.-  •■'.  .  iri'-ni.i:r«i»'t  luaiiitains  a  constant  diiferenc**  of  niajL:- 
II.  ?i.' I"'!.iiii,il  ai  thiMwo  >h«>rti'r  cmls  of  the  rectangle.  If. 
•h.  Ill  !i-.  ilii-  |.'i;r  hars,  or  arms  of  the  bridge,  are  iiuig'neti- 
..illy  iil.'iiiiia!.  lh«*r«'  will  hi*  no  detl«>ctioii,  since  uo  dilfenMice 
«•!  iM.i.-iiti.il  will  »'xi>Nt  at  tho  ends  of  the  hare  between  which 
I  hi'  ih'imIIi- i«» 'Nii^^piMidcil.  If  one  i»f  the  bars  or  arnis,  how- 
I  \i'r.  hi'  inovi'd  cv«ii  a  Irilh*.  the  neeille  is  at  once  dellecled, 
:iii'  million  iM-ioiiiinir  a  iiiaMmiiiii  when  lln*  bar  is  entirely  r«'- 
iimNril.  It  n -plari'd  hy  anothi'r  bar,  dilFerinj;:  in  <rivss-s<.*rtioii, 
.  iMj-'iMiiii.m.  iM- moleviilar  striu'tuiv,  the  bahince  is  likewise 
ih«»liitl»iMl. 

Th"  ina:;:iu'lii  hiidu'^v  i*»  vorv  sensilive.  It  was  ilrsi^rucil 
\\  w^  iiiM'Ulor  r«»r  ii-linu  ihe  inairnctii'  ipialities  of  the  iron 
ii-iil  in  tin*  t  lUistnutioii  of  dvnanio-eh'clric  maihiin^. 

Ilri4ltf€%  M'liriili^liiiicS  l^leetrfc* (See  Whrut- 

^inm's  lUtUtin't  ,   I'.lt  r1  lir.  i 

llriikrii  <'ir<*iilt.-    An  open  i-ircuit. 

A  t  ill  uit,  the  «'lrt  triial  roni  inuit  v  of  w  liicli  h;us  been  broken, 
ami    lhi\>u.L;li  whirh  the  cnireiil  has  therefore  cease<I  to  pass. 

Ilrokeii  lircull.— (Sre  cirrtiit,  limken.) 

Ilruf^ll  DlMcliur^e Tin*    faintly    hnninoiLs  di^- 

rhar;^i»  thai  o»».iirs  from  a  pointe<l  t)ositive  conductor.     (See 
D it<vh a r<ji\   Con  ccct /re ) 


(iiM,  TKFt; 
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kiriiBli,  t'liriMli*-— All  rlw liml.'  in  lli(>  form  ofu 

iiililny<ii|  ill  t|]i>  riicilicjil  tLppliciUJoii  (if  di-clricily. 
Til"  brinLk'B  ure  f^oni.'nUly  iiiu^li?  of  nlfki'lia'il  I'DpfU'r  wire. 
Brush  Holflcra  for  ■>]-ntimo-ElM-lri«'  Madiincw. 
— IVvki-s  fur  BtipfMiriiii^'  il)i'  wUect.iri^' UnislieB  ot  il.vminio- 
•-l«'lrii'  liiuchini'n 

Am  till- liniBlm  ritiiiin  to  lie  4<-t  ni  plnivil  on  tlii>  lomnin 
_t(ilr>r  in  iM>u»i1ion  »l'i<<i  nfti  n  \iili<«i  m>Ui  11k  k|h  u<l  of  llie 
■,  nnU  Willi  iliun^.i'fl  in  tilt  exlprnnl  tiiniit  ill  brufli 
i>|<li.'r»)U'i' iircivuli  il  SMtli  Hdtnt  dtMiv  fur  tuoMii^  them  tun 
mlriinlt.v  witJi  Ui"  i  imiiiiuliilop  cylintlf  r 

r  BriialiCH,    A4Juii|niinl    of  llii  — nf  n)iinmn 

nt-clrU' miuliilirm.     si.iiuii„  lit    ii>.  l>     >i>i    iii    i    ,liii    i 


Nillij 


nlli< 


•  IK 


■   lijinil.  i.r  <ih/..i..  i/«  j//vU  111.     >iiiiilii     II      |S         l.,/.p 
tulir  ilrniiliilfiiii  <•/  hjiii'imo-Fkrli  u  lUiiibiiif  ) 

:ni*lirH  fl»r  nynnino-EI«<>lrlF  niulilncB, — Stiifri 
m-tal.  l<>iii>Ui>s  ( r  nil      m  slil  phklot  i  r  metiii   nr  <  iilxiii 


1   llii 


\ltn 


nntf^: 


i(i|il> 


I  I"  I 


whewof  dynaniii^liilr u  hm 

D  bruBl,  Hliown  at  H  Fij.  71  i 
I  of  «i)pp^r  wirt-s  wiUluiil  l< 
lw*r  lU  tlip  ntin  lifiuin^;  f-ml  A  ei>ii 
r  pltttr,  Hht  at  lb"  lK»riiii-  enil  ii 
«a  nUC.  Mill    Iniiidlcs  ol   iKipper 

nngrni), 
f>  braitlins 
matatur 

>  iir»'viiit  jiini|iii 
MbunUns  iinUvttni: 


,   Mill    Iniiiulcs  or    iKipper  X 

irw!  ti>g«Oi.r  til    fhc    nrn  ^  / 

uJ  L  diiown  Jt  D  y^  /^ 

BS  shoulil  li  .ir  iiginnst  Uie    ^/''i/// 
tylind-i     Willi    Miinn.nt    *^<uiji/ 


ct  Iho  nrmitture,  uid  the  niii<;ii<  1 1<   i  ^ 

Awjle  !•/  l.ea<L) 

BruNht'*,  Srralrli Bnislw 

liHsll..-,  ..|<-,,  Hi.itia<k'   tor  i-loaiiint;   Hip 

uliJi'L'ls  U'ruri!  [iIiu'Id^  tl:<-iti  in  tlii^  |ilal.ii 

Thesi'  hniHlicH  are  nf  vitrioiis  sliii|i<'!t  a 

win«  or  bmlli-H  (if  viirying  ifwrwriBfts. 

Buoy,  Electrtr A  Imoy. 

eterlJ'ic  signals  an-  di-pliiyi>il. 

Bun-pn'«  VoliHip  Cell.-(Se^  CpIA 

Bumvr,    Klfwirj 

On  imllii)^  tilt 
ri'um  u.  simrk  cuil  Ig 
ii)i;   the  Hiiitfi  th*  I 
,li17(inrf  /(i(i 

BnnicT.  Anim 


bBurNlns  nl  ('onunntfilor  of  Dynamo.— An  niiin!; 

■lliu  linitMitw  vif  a  ilynaiiuM^liftrir  inai'liiiiij,  duo  In  liicir  iiii- 
■fmTtcnriUu'l,  or  iiii|in>p('r  |Mwition,  wliu.'h  ivsiilbi  in  loHsof 
iferi^y  ami  drutnicllon  of  IhuromniiitiUor  si'^nionbi. 
||0nU  Joint.— (S<-i^  Juinl.  Butt.) 

^Billion.  I'unIi —A  (Icvii'R  for  cloning  an  r-1ecli-ii; 

It  by  Uifl  i.i.iv.-ii>ent..f  a  l.iilton. 
t  bu(lx>n.  when  piislii-il  by  the  liund.  dosea  a  contm^l.  antl 
HfianipleU^uvirEtiit  in  wliicliBUiniM>l<>(.'lni-i'Pi:e|itived^virp 
ai.'Ml.  Tliis  I'lii'itit  IS  njionnd  by  ii  KpHng,  on  Ihe  ivniovul 
tlin  prwffilirt!.  SuDie  [ui'ineof  |>iisli-liiillnns  un*  shown  In 
i.  73  biid  TItii. 


■A  fioor-pnuh  fm-  ilitiinir- 


Hhown  in  Fii,-. 


'.  O.— A   (■i.iilri.cli.n.    fnr    HiiniiiiKlium    Wiiv  liiuige. 

Buxxrr.  Klorlrfc AI^all,  not  lu^loiiitaslhutot  n 

HI.    |iriHlii(-pil    bv    uii    mituiiiutiu    iniike   and    break.    {Hee 
t,  ElMrie.) 

Me  Arwor— (Sei-  Anm<r',f  C.ible.) 
ible  Clip.— lSi'<^  Ciibh-  riimger.i 


A  tiimosAST  op  xLternrtAfc 


Ctiblf  Core.— (Ki-i 
<:ulile,  AcrlHl  — 

plionii-  coniiiiiiiiti.tUio 


Cnrvri/  Cablr.i 

A    rnlilr*   Tor   Iflegtajiliic  or   tek- 

I,  KiiH|H-iiik-<l   In  l.lic  air  from  euiUMe 


i;nltlc  Etrrlrlr  - 

•oniJiictorH. 


A  conilodjjr  f^ntniniup  either 

tr,   or    two    or   tnni'O    se|)urut«ly    iiisiiltit^d 

Htricllj'  siwiikin^,  tlio  word  cnlilx  nlioiild  lie  liiiiileil  to  tl]0 
t-av  (if  niorp  Llian  a  single  ixiDitm-lor.  Uwig"',  (mwevwr. 
»aiidiriris  llii:  Piii|iloymeDL  uf  tltP  word  to  iiiilR'ate  a  Hingle 
■iisulutiHl  cond  Ill-tor. 

TtiB  ciintlui-liiig  wiri>  tnny  consist  of  a  aingl«  wire,  of  » 
liiiliibt-r  ut  twpuiiitc  wirvs  ■.•lectriuilly  I'miueofed,  or  of  a  nuBi- 
ber  pf  sepurute  wirea  inaulateU  from  one  iiaother. 

An  clwtrit  cable  oon- 
ahla  at  th«   ttAlowittg 

(I)  The    vvnduutin^ 

(■i)  The  ifuiu1»tiii|; 
riiiilerial  fur  (ii^]iarnting 
liu-  Bi'Vi-ral  wirps,  and 

(H)  An  armor  t.r  pro- 
U'l'lin;,-  ooveriiig,  o 
sisl  iii^  of  Htmnds  (if  iron 
win-,  nr  of  ft  lllHAlltc 
'■■■Hliiit;  or  coveria);  of 
lo:id. 

Ak  to  iiioir  poslUon, 
ealiliw  ATif,  atriai,  tub- 


ffniun't     Ax    to    Ui*4r 
[iiirpcMt-,  l>i«>^  ur><  fi 

unil  pojper  i-JitifiTii. 

•  uitblL-JD  whicJilliwvtl 


graphw.  Ulrphiiiu;  in-  flciirif  I 

Vig.  "'  bLuws  II  fcino  ci(  iiiibHiiiri: 
is  torniod  of  sli-andH  of  Iron  wire, 
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ived  I 


OT 


iblegTBrn.- 

e  telogmphic  cable. 
Itoble  Hanger.— A  hanger  or  hook,  suitably  securetl  W 
^  c«bl(^,  awl  AesSgiwA  to  euBtaiii  its 
igbt  by  ill  term  edi  ate]  y  supporling'  it 

.  cable  hanger,  or   etihle  clip,    is 
II  Fig.  Tfl. 
'The  weight  per  toot  of  an  aerial  uable 
V  generally  so  greiit  that  the  poles  or 
-  ifiporta  would  require  to  be  very  n?ar 
ti.t'i'thi^r,  unless  llie  ile\-ioe  of  iiitei'- 
Micdlate  Bnp[>ofts,   by  itieuDK  ot  cable  j 
i:li|«,  wer^  adoiitcd 
4*Mble  Kervlng, — Strands  of  tarred 

r  jiite,  wrapped  around  the  in-  '"■'•  '"■ 

tnled  rore  of  a  cable,  to  protect  it  from  the  presnure  ot  the 
allie  armor. 

,  Submarine Cables  designed    for    use 

e  either  afinnow'-wafcr,  or  deep-sea  eahles.     Qulta- 

^a  ftnswets  admirably  for  the  insulating  matei'ial  of  the 

VaHoHH  other  insulators  are  also  iise<). 

'  Stnuids  of  tarred  hemp  or  Jute,  known  as  the  cable-sfrving. 

a  wrapped  amuml  the  insulated  core,  to  protect  it  from  the 

wnrv  ot  tiie  galvanized  iiun  wire  armor  afterwards  put  on. 

bjircvent  coiTosion  of  the  in>n  wire,  it  is  covered  ^v^th  tarred 

),  gtUvaiii^ed,  or  otlierwise  coated, 

:able«t  f.'ndoTin'ounil Cables  designed  for  use 

InrgroiintL 

>  either  placed  directly  in  the  ground,  or  in  fon^ 
Ufa,  or  tubwagg,  e«|>ecirtlly  prepared  to  receive  them.    (See 
hitf,  Eleatric  Undergrintnd.    Sidntay,  Elfctrie.) 

Ibrallon.  Ahitnlulv  and  Belallvv of  In- 

ml. — Til''  dpterniimilion  of  the  absolute  or  the  rdo- 


W  A  DICnON ABT  OP  SUBOnaCUL 

live  values  of  the  reading  of  an  elaefromcfer,  gdiwtMomeierf 
voltmeter,  amperemeter,  or  other  eimilar  instniment 

The  cahbration  of  a  galvanometer,  for  example,  oonsiats  fai 
the  determination  of  the  law  that  govenu  its  different  de- 
flections, and  by  which  is  obtained  in  ampdres,  either  the  ab* 
solute  or  the  relative  current  required  to  prodooe  sodi 
deflections. 

For  various  methods  of  calibration,  see  standard  works  <m 
Electrical  Testing,  or  on  Electricity. 

Calibration,   Invariable of  Gairan- 

ometer. — ^In  galvanometers  with  absolute  calibration,  a 
method  for  preventing  the  occurrence  of  variations  in  the  in- 
tensity of  the  fleld  of  the  galvanometer,  due  to  the  neighbor- 
hood of  masses  of  iron,  etc 

Callaad  Voltaic  Cell.— (See  Cell,  Voltaic) 

Call-Bell,  Electric (See  Alarm,  Electric,    BeOr 

Call,  Electric.) 

Caloric— A  term  formerly  applied  to  the  fluid  that  was 
believed  to  be  the  ciiiise  or  essence  of  heat. 

The  use  of  the  word  caloric  at  the  present  time  is  very 
unscientific,  since  lieal  is  now  known  to  be  an  effect  and  not  a 
material  thing.    (See  Heat.) 

Calorie,  or  Calory.— A  heat  unit 

There  are  two  calories,  the  small  and  the  laige  calorie. 

Tlie  amount  of  heat  required  to  raise  the  temperature  of  one 
gramme  of  water,  V  C.  is  called  the  small  calorie. 

Somctmics  the  term  is  used  to  mean  the  amount  of  heat 
required  to  niiso  1,000  grammes  of  water  1*  C.  This  is  called 
the  large  calorie.  The  flrst  usage  of  the  word  is  the  com- 
monest. 

Calorescence. — The  transformation  of  invisible  heat-rays 
into  luminous  rays,  when  received  by  certain  solid  substances. 

The  term  was  proposed  by  Tyndall.  The  light  and  heat 
from  a  voltaic  arc  are  passed  through  a  hollow  glass  lens 
^led    with  a  solution  of  iodine  in  bisulphide  of    carbon. 


ir  vohuDe  ot  a  bod;r 


>  liKhi  hoi  qoittf  trttasfafeai  (D  ' 

liW. 

11  a  jNcrv  af  liuuml  paprr,  or  thio  |i)»uitaiu  foil,  is  plocnj 
ID  Hw/oMa  o(  tl»rsi'  tnraibk  nvs.  it  vill  be  be*tn]  to  briUiuit 
iacauIaMnm.    (Se«  Fortw.) 

ST.— An  ii 

il  Uy  a  giTMi  «r«»^ht  o 
Itglvcn  teinpcmliipe. 
[,  ^nnnmetrrs  n>easDre  tpcnperatiire  only.    A  lltennom^ter 
Bdg»dinacupfu)l  of  bnilins  water  9lu>wra  the  same  lempo-- 
n  tint  it  would  igattibttiUof  boDinswater.   Ttieqtouitity 
■  httl  jiresant  in  llie  two  <.-ase«  is  of  ccura«  greatly  diffeient 
niaiii  be  ni^anured  by  colonmeters  only, 
HOrioiis  fnrms  ot  Ciilanmel«n  are  employed. 
B  onlcr  to  determine  lb«  quantity   ot   beat   in   ft  {dvpn 
BRht  ol  nny  bo«ly.  IIiib  weigJil  may  tie  lieated  to  a  defliiil4r 
mhirc,  such  a.i  Ilie  buibng  point  of  water,  and  placed  ia  li 
■ulrontdUnliig  i<^R.  and  the  qimntily  of  ice  melt«d  by  Ih>^ 
Jl  cooling  t(i  Ihe  tentperature  ut  tlie  iiv,  la  deterniiaud 
ftaKamrtng-  Uie  iiraoitnt  of  water  deriri-d  from  the  melting 
[liist  b«  nbsierved  to  avoid  the  melting  of  (lie 
Lkttrf  extvraal  heal. 

Ill  Uiib  way  tite  amounl  of  bent  required  to  nusetbet«m- 
liTnliira  ot  »  gtvnn  weight  of  a  body  a  certain  number  ot  de- 
^'!>Ts,  or  the  (s«(ia(^ity  of  th>«  body  fur  lieat,  may  be  compared 
'1(1.  tbi'  i^pncily  of  an  equal  weight  of  water.  This  ratio  Is 
illinl  th«Si)«oitlc  Hoat.  iSKcHeat,  3peeifie.) 
Tlip  Iti'ut  uoergy.  present  in  a  given  weight  of  nny  aiilMluiice 
_ii  a  gtvun  tcmpurabire,  can  be  determined  by  means  of  iv 
nil  ot  water  heated  1'  F.  aliaorlis 
int  of  energy  ii[iihI  to  "73  fooI-poimdH,  the  enei'gy  can 
y  c*]culttteti  it  the  nimibiTof  pounds  ot  water  and  tlic 
.wn,     (See  jtff- 
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fHlnrlmeirr,  Elertrfc 

uring'  Ihe  lipat  developed  it 
nn  electric  curri.'nt. 


An  instniii«™i  (urineEW- 

1  L-onihictpr,  in  ugivun  ttm».  by 


A  vessel  I'ontAJniD^  water,  is 
provided  wiUi  a  Ihermomoter  T, 
Fig,  T7.  The  electric  current 
passes  for  a  mewinred  lime 
Uirnugh  a  wire  N  M,  inimM«««l 
in  tlie  liquid. 

The  <|iiantity  of  hent  fa  deter- 
mined   from    the    iiii-reBse     of 
'   te[[iiieratiire,  and   the  weightof 
the  water. 

According  to  Joule,  tlie  Dum- 
ber or  heat  vnits  (Sep  Uenl  f  *»- 
i(ii.  Englith)  developed  in  a  ck»h 
dndor  by  an  electric  current  is  proportionni, 
1.  To  the  Resistance  of  the  Conductor. 
3.  To  the  Square  of  the  C'lirrent  passing. 
3.  To  Die  Time  the  current  is  [lasHing. 
The  healing-  power  of  a  current  is  as  the  square  of  the  cup- 
rent  only  when  the  resistance  remains  the  same.    (Spw  Heat, 
JEleclric.) 

Calorimcirlc  Photomeler,— (See  Pftofoimefw.  CoIoK- 
mclric.) 

Van«lle,   Electric A  term  applied  to  the  Job- 

lofhkolT  candle,  and  other  similnr  devices. 

Tlic  Jahlorhkoff  clet'ti'ir  candle  consists  of  two 
parallel  carlKins.  separated  hy  a  layer  of  kaolin 
or  other  lieat-resistini;;  innulating  material,  as 
shown  in  Fig.  78.  The  current  Is  passed  into 
and  out  of  the  carbons  at  one  end  of  the  candle, 
and  forms  a  vollaic  arc  at  the  other  end.  In 
order  to  start  the  arc.  a  thin  strip  cnllwl  the  igniter, 
consisting  of  n  mi«turo  of  some  readily  ignitalde 
substance,  connectsthe  Hpperendsof  the  rarboiis.      ng.Tt, 
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m 


I  An  alternating  curi'ent  is  generally  employed  witli  tli«se 
llvii,  thii8  avuidiug  llie  difficulty  whk'li  would  ullierwisi? 
r  from  the  move  rapid  consumptiun  uf  the  pusilivf  timn 
B  tK^ntive  carboD.     (See  Current.  Alternating.) 

Candle,  Foot A  unit  of  iUuminalion  equal  lo 

Ihn  illuminiitJDn  pi-oduoed  by  a  standard  candle  at  the  il]sUiti;:e 
t  <>ae  foot.  Proposed  by  Hering. 
ALturUiug  to  lliia  unit,  theilluininatiotniroducedby  asland' 
ard  candle  at  tlie  distance  of  two  feet  would  lie  but  the  one- 
fourth  of  a  foot-candle  ;  at  lUreo  feet,  the  one-ninth  o(  a  foot- 
cnndk,  t.>tu. 

The  odvuntofje  of  the  proposed  standard  lies  in  the  fact 

tlwt  knowing  the  illumination  in  foot-caodlea  reiguit'ed  for  tbe 

tpurlicular  work  to  be  duno,  it  is  eusy  tu  I'ak'Ulate  tlie  puslTJoa 

Fnnd  intensity  uftlie  lights  required  to  produce  the  illuminu- 


Candle,  Standard A  candle  of  doliuite  oompo- 

ifUiin  which,  with  a  given  consumption  inagiven  time,  will 
I  produce  a  light  of  a  lixed  and  definite  briglitueHS. 

(aiudie  which  burns  120  grains  of  Bperniac«tti  wax  |wr 
',  or  2  gnuns  pi'r  minute,  will  give  an  illuinliiatioD  •h)uiiI 
itf  ttandard  candle. 

I  Caadl«.  A ,  or,  Unit  of  Phoiomvliic  Mvun- 

ll, — The  unit  of  photometric  intensity. 
SulU  a  light  !Vt  Would  be  produced  by  the  consumption  of 
f  two  grains  of  a  Hlandard  caadlt!  per  miiiut«. 

An  «l«ctnc  Ump  at  IS  oaudle-power,  or  one  of  3,000  candk- 
J)OW«r,  H  a  light  that  gives  respectively  10  or  3,000  times  ua 
■jlinglil  a  light  us  tliut  of  one  staudai-d  candle. 

', Dielectric —{See  DitketHc  Capacilg) 

The  ubihly   of  a  con- 


capacity  of  a  conductor  is  not  unlike  the  capadi 
flilod  with  a  liquid  or  gas.    A  certain  quantity  < 

fill  ;i  v<»ss«»l  to  a  lovol  dopondont  on  the  size  or  ca 
vess«'l.     In  the  simio  numncr  a  g-ivoii  quantity 
will  produce,  in  a  conductor  or  cond<'nscr,  a  certi 
of  electric  level  dependent  on  the  electrical  ca})aci 
ductor  or  condenser. 

Or,  the  quantity  of  gas  that  can  be  forced  int< 
pends  on  the  size  of  the  vessel  and  the  pressure  ^ 
IS  forced  in.  A  tension  or  pressure  is  thus  pro 
gas  on  the  walls  of  the  vessel  that  is  greater,  th« 
size  of  the  vessel,  and  the  greater  the  quantity  fc 

In  the  same  manner,  the  smaller  the  capacity 
tor,  the  smaller  is  the  charge  required  to  raise 
potential,  or  the  higher  the  potential  a  given 
raise  it. 

The  capacity  K,  of  a  conductor  or  condensei 
directly  proportional  to  the  charge  Q,  and  inv< 
tional  to  the  potential  V,  or 

Q 

K  =-  . 

V 

From  which  we  obtain  Q  =  KV;  or, 

Th/r  ntinnfifti  nf  p.1pi*fru*itu.  vfiauired  to  chavc 


VrORDS,  TERMS  ANU  PUKABES. 

in aledro-nioUve  force  of  cme  volt  will  ulwrgu  it  with  n  qiiiin- 
tiCj  or  vlectricity  ei|iuil  to  ooe  coiiloiuli.     iHee  Farad.) 
CBpocltj-  «r  Polarization  of  a  Voltaic  Cell.— Tiit^ 

qiuktility  of  electricity  required  to  be  diachnrged  by  a  voltaic 
"   r  lo  pi-oduce  a,  irivea  [Mjliii'iaitioii.     (See  Cell,  Viil- 
lak.     Polarizntian  of  NvgiUicc  Plate.) 

During  the  discharge  of  a  voltaiu  battery,  an  ^lecti-o- motive 
force  is  gnuluully  set  up  that,  is  opposed  to  tliatottlii;  liutlfry. 
The  quantity  ut  electricity  required  to  producs  a  given  polurizu< 
tKHi,  depends,  of  coiii-se,  on  the  condition  and  .size  of  the 
Such  a  quantity  is  called  the  Capacity  of  Polarizaliou. 
C^padljr  or  a  Telegraph  Line  or  Cable.— Th? 
■bUlty  of  &  wire  or  coble  lo  permit  a  certain  quantity  of  elec- 
trtaty  tu  be  passed  ioto  it  before  acquirin^f  a  given  dilTerencc 
«f  potential. 

,  Before  a  telegrapli  line  or  cable  can  transmit  a  signal  to 
Ita  further  end.  it»  difference  of  potential  must  be  raised  to  a 
dellaite  amount  dependent  on  the  chai'acter  of  the  instru- 
menta  and  the  nature  of  Ihe  system. 

The  first  effect  of  a  given  quantity  of  electricity  being 
passed  into  a  line,  is  to  produce  an  accumulation  of  electricity 
on  the  line,  similar  to  the  charge  in  a  condenser.  Cables 
«sp«cial1y  act  fis  condensers,  and  from  the  high  xpeciBc  induc- 
tive capuaty  of  Ihe  insulating  niateriuls  employed,  permit 
considerable  intluctiou  to  take  place  between  the  coi-e,  and 
the  nietallic  armor  or  sheathing,  or  the  grouott. 

Th«  capadly  of  u  cable  depends  on  the  capacity  of  Ihe 
wlm ;  i.e.,  on  its  length  and  sui-facc,  on  the  specific  inductive 
capacity  of  its  innutulion.  and  its  neighborhood  lo  the  earth, 
r  to  other  conducting  wires,  uaslugs,  armors,  or  nictallio 
DOkUnga,  SiilimariiiG  or  underground  cables  theretoi-e  liave 
ft  gtvotcr  capacity  than  uir  lines. 

Tbw  accumulation  of  elec-tricity  produces  a  retardatian  in 
"  «  apeod  of  signaling,  becaiuw  the  wire  must  he  charged  be- 
ts the  signal  is  roi.'eived  at  the  distant  end,  and  discharged 
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or  neutralized  before  a  current  cui  be  sent  in  the  reyef 
dire<lion.  This  latter  may  be  done  by  connecting  each  end  to 
«;arth,  or  by  the  action  of  the  revewe  currant  itself. 

Tfie  Htaaller  the  ele^roetaHe  capaeUif  of  a  eabUf  therefore, 
tft£  greater  the  epeed  of  ngnaling.    (See  Bfdardatiam,) 

ftpecMc    iB^aettve ;  Dtotoetrle 


Capacity,  or  DIeletrIc  OoKstaat.— The  ability  of  a  dieleo. 
trie.  t(>  pormit  induction  to  take  place  through  its  mass,  as 
cotiipurod  with  the  ability  possessed  by  a  mass  of  air  of  the 

same  dimensions  and  thickness,  under  pre- 
cisely similar  conditions. 

The  inductive  capacity  of  a  dielectric  is 
compared  with  that  of  air. 

Ac(;ording  to  Gordon  and  others,  the 
Hpociflc  inductive  capacities  of  a  few  sub- 
stances compared  with  air,  are  as  follows : 

Air 1.00 

Glass 3.013  to  3.258 

Ebonite 3.284 

Gutta-percha 2.462 

India  rubber 2.220  to  2.497 

Paraffin  (solid) 1.994 

Shella<; ...2.740 

Sulphur 2.580 

Turpentine 2.160 

Potroleum 2.080  to  2.070 

Carbon  bisulphide 1.810 

Viu'uum 0.99941 

IIy(lro>;en 0.99967 

Carbonic  acid 1.00086 


AVf/.  .V'. 


Kanulay.  who  proposinl  the  X^vva specific  inductive  capote 
ity,  oniploytul  in  his  i'X|>erimontH  a  condenser  consisting  of 
a  ni<*tallii:  sphere  A,  Fig.  79,  placed  inside  a  large  hollow 
sphere  li. 


WOiUiS.  TBBH3  iSt>  fHBASBS.  lUS 

I  Th*  concenlHo  spiu'i;  bclween  A  and  B  was  fllled    wiili 
pBUbet«nc'P  whose  specific  inductive  capacity  was  to  be  Ae- 

f  CaplUaril)-.— The  elevation  oi-  depressioa  of  liquitla  in 
tiiall  ititerniil  iljameter. 

The  tiquiil  is  elevated  when  it  wets  the  walls,  and  depi-essed 
"fapo  it  doee  not  wet  the  walls  of  the  tube. 

^^■^e  pheDonienu  ot  cnpilltinty  ore  due  to  the  molecular  at- 
L-xisting  between  (he  molecules  of  the  litjuid  fur  one 
nolher.  nud  tin'  niiituiil  iittraetiuu  between  the  luoleeuJes  ol 
\hif  li>iuid  and  those  of  tlii.'  walls  ol  the  tube. 

Cnplllttrliy,  EBbt-t*  or,  on  Battery  Cell*.— DiKtin-h. 

B  effects  ot  the  proper  action  ot  a  vottuic  batlury  Cinisuil  liy 
ikpillary  acUon. 
'   Tltefle effects  are  an  follows,  viz.: 

(1)  CrtM-piog,  or  KiBores(.'«Qce    of    saltB,      (See     Crrephtg. 

,   l3j  Oxidation  of  Contacts  and  con.-ti.'queut   inti-odui'tion   of 

'bcreuaed  neistauoc  into  tlic battery  circuit.    The  liiiniilL-iitcL's 

Itlic  LKpillary  spucos  between  llie  contact  surfaces  und  oxidiEes 

VmpHlturj  ElevlromeUtr^— An  electrometer  in  which 


Biscnti*  o(  potential  is  nienaured  by  the  movements  «t  adro|> 
fsolphuric  nciii  in  a  horizontal  tulie  Riled  with  nicrciii?. 
iTbohunlOUUl  gliuw  lube  with  a  dropof  acid  at  B,  is  shown  in 
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Fig.  80.  The  ends  of  the  tube  are  oonnected  with  two  vemtAs, 
M  and  N,  filled  with  meroiuy.  If  a  current  be  paaeed  through 
the  tube,  a  movement  of  the  drop  towards  the  negative  pole 
will  be  observed.  Where  the  eiectro-mottve  force  does  not 
exceed  one  volt,  the  amount  of  the  movemait  is  proportional 
to  the  electro-motive  force. 

Carbon*— An  elementary'substance  which  occurs  naturallj 
in  three  dinUnct  allotropic  forms,  vul:  ciiarcoal,  graphite  and 
the  diamond.    (See  AUotropif.) 

Carbon,  Artlllclal Carbon  obtained  by  the  car- 
bonization of  a  mixture  of  pulverised  carbon  with  different 

oarbonizable  liquids. 

Powdered  coke,  or  gas-retort  carbon,  sometimes  mixed  with 
lamp-black  or  charcoal,  is  made  into  a  stiff  dough  with 
mohLsscs,  tar,  or  any  other  hydro-carbon  liquid.  The  mixture 
is  moulded  into  rods,  pencils,  plates,  bars  or  other  desired 
shapes  by  the  pressure  of  a  powerful  hydraulic  press.  After 
drying,  the  carbons  are  placed  in  crucibles  and  covered  with 
lamp-black,  or  powdered  plumbago,  and  raised  to  an  intense 
heat  at  which  tliey  are  maintained  for  several  hours.  By  the 
carbonization  of  the  hydro-carbon  liquid  the  carbon  paste  be- 
comes strongly  coherent,  and  by  the  action  of  the  heat  its 
conducting  power  increases. 

To  give  increased  density  after  baking,  the  carbons  are 
soiiK 'times  soaked  in  a  hydro-c*arbon  liquid,  and  subjected  to  a 
ro-baking. 

Carbon  Eleetrodeti  for  Are  Lainps.~Rodfl  of  artifi- 
cial carbon  employed  in  arc  lamps. 

Carbons  for  arc  lamps  are  generally  copper-coated,  so  as  to 
8onn»wluit  decrease  tlioir  resistance,  and  to  ensure  a  more 
uniform  consumption.  They  are  sometimes  provided  with 
a  central  core  of  soft  carbon,  which  fixes  the  position  of 
the  arc  and  thus  ensures  a  steadier  light.  (See  Carbons, 
Cored.) 


'   Carbon  llAltlers  for  Arc  l.ainpi.— Vnrioiis  i'liimp[ii^ 

pvlcpH  for  holilint,'  theijurbon  clccarmlea  of  an  arc  lamp  in  1liy 
blip  roUii. 

Telephone    Tran*nil(ter.— A    tdeplioiK^ 
|ftminUt«r  consisting''  uf  ii  button  of  iMmprtesiUle  carbon. 

■iind-wdVeH  impiii't  Itieir  lo-aiid-fro-movements  lo  Ihf 

ismitting  diapraghm,  and  this  to  the  carbon  button  Uius 

^  its  reaiatftiice  by  pressure.     This  button  h  plaeml  in 

i^it  Willi  the  battery  uad  induction  coil.     (See  TKlephnne. ) 

CsrboDlc  Add  Oai. — A  gaseous  substance  fornietl  by 

the  union  of  one  atom  of  cartion  with  two  atonia  of  oxyjri.'". 

Carbonic  acid  j^^ui  is  formed  by  the  combustion  of  carbon  in 

b  full  supply  ot  air. 

Carbonization,  Proceises  of Means  for  suit- 

My  carbonizing  tarhoniaiblo  niuti^iial. 
Cnrboniutble  material  is  plai^d  in  suitably  shaped  boxcx. 
d  with  powdered  plumba^  or  lamp-black,  and  subjected 
inged  action  of  intense  heat  while  otit  of  contact 

w  electrioal  conducting'  power  of  the  carbon  which  resulls 

Is  process  i.'i  increased  by  the  action  of  the  heat,  unil, 

ihly,  also  by  the  deposit  in  Die   mass   of  the  carbon,   of 

t  robulting  from  the  subsequent  decomposition  ot  the 

wbon  jfUfles  produced  during  carbonization. 

'  IK  carbonimtion  is  for  the  purpose  of  producing-  con- 

I    for    Incandescent    lamps,     in   order    to   obtain    the 

I"  of  conducting   power,     electrical    homogeneity, 

]  high  refractory  power  reqiii!tit«,  sielectcd  (Ibroua 

;lit  or  shaped  in  nt  least  one  dimension  prior  to  car- 

miut  l>e  taken,  and  subjected  to  as  nearly  uniform 

■n  as  possible. 

bottized  C'lolta  for  Hlsh  Reitlatanceii.— nison  of 

d  by  hpating'  Ihi.in]  to  iin  exceedingly  liigii  leni- 

icuum.  or  out  of  conliict  with  air. 


After  uurbonizution  the  discs  retein  their  flexibili^  i 
elasticity  aod  serve  admirably  for  high  resistances.     WIm 
piled  together  and  placed  in  glass  tubes,  they  form  exi.'«llet 
variable  i-esistaocea  when  subjected  1«  varying  pressure. 

Carbons,  Cored Tor  Arc  Lamps. — A  cylim 

cul  carbon  electrode  tliat  Ls  moulded  arountl  a  central   core 
charcoal,  or  other  softer  carbon. 

These  carbons,  it  is  claimed,  render  the  arc  light  steadie 
by  maintaining  the  arc  always  at  the  softer  carbon,  and  heiu 
at  the  central  point  of  the  electrode, 

A  core  of  harder  cai'boa,  or  other  refractory  matarial, 
fiometimea  provided  for  the  negative  carbon. 

Cartiona,  Conroniric,  Cylindrical A  t^b 

drical  rod  of  carbon  placed  inside  a  hollow  cylinder  of  a 
but  separated  froiii  it  by  an  air  space,  < 
some  other  insulating,  refractory  material. 
Somelj  lies  JablochkoS  candles    are    tnai 
with  a  solid  cylindrical  electrode,  concenti 
cally  placed  in  a  hollow  cylindrical  cai-bon. 

Carcel.— The  light  emitted  by  a  lamp  burq 
ing  43  grammea  of  pure  culza  oil  per  hou 
with  a  Hame  40  millimetres  in  height. 
One  cares)  —  fl.5  to  9.6  standard  candle& 
Carcel  LHmp.—An  oil  lamp  employed  'u 
France  an  a  photometric  standard. 
Fig,  81  shows  a  form  of  carcel  lamp. 
Careel  Standard  Ca«  Mct.—X  lighte 
L't  employed  for  determining  the  c 
powur  of  gas  by  measuring  the  height  of  a  je 
of  gas  burning  under  a  given  pressure, 
used  in  connection  tvilh  the  light  of  a  lai^ 
gas  burner,  burning  imder  similar  conditions,  for  the  phot 
metric  measiiremcul  of  electric-  lights. 


Fig.  SI. 


in  of  a  ttven-varcal  xfandunl  (/«« 
■ra  -i-andle  lotni.T,"  o.tirfi'l-ed 
Tlip  gas  for  both  burners  is  re- 


''I  fig.  82.  in  shown  a  sw 
Jt'.ai.a.uing.  83,asPcU(ii 
111  Ibe  some  Horvicu  pipe. 
iMfred  in   &  ciiamber 
wUenoo  it  [inssus 
ty  an  opening  to  the 
iiujuer  under  tlie   con- 
'bilit  pl««iure  obtained 
in   lliu   weight   of  the 
1*11  C.  and  the  lube  A. 
Thn  liiirner  bKowii  in 
Vig.  88,  whicli  is  used  as 
ilii-  iL-vndanl  of  compivr- 
iioa,  will  give ftc-a mile 
fuwer  determined  from 
thi!  lieight  of  the  jet  ot 
hiimiiig  gas.    This 
I  is  menaured  ia 
letrna  hy  a  mov- 
Irciilar  screen. 
Tho  iletermination  of 
the    cnadle    power    of 
i'Hs  liy  iiiennH  of  a.  jet  photometer  ia  only  appio\imately  cor- 
v(l.  unless  luony  precautions  are  taken. 

<'ard,  CompttH A  card  used  in  a  mariner's  com- 

I  ^--s.  on  vrliidi  are  marked  the  points  of  the  compass.     (See 
Cinnpiwi  Card.    Asimulh  Compans.) 

CbtirKing    Loyden    Jars  bj —A 

charging' Jars  or  condensers  by  means  of  the  frpo 
libiirated  by  induction  in  one  coating,  when  a  charge 
into  the  other  coating. 

ro  am  placed  as  shown  in  Fig.  84,  with  the  inside  eool- 

m  jar  connected  with  the  outside  coating  of  the  one 

There  is  in  reality  no  increase  in  the  entire  charge 

use  of  charging  I'y  ea.9cade  since  the  sum  of  the 
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Fig.  SL 
Cathlon. — A  term  sometimes  used  Instead  of 
More  correctly  written  Kathion.    (See  Kathion 

Cathode. — A  term  sometimes  used  instead  c 
More  correctly  written  Kathode.    (See  Kathod 

Caoutchouc,    or   India-rubber.— A   n 

stance  obtained  from  the  milky  juices  of  certain  1 
Caout<rhouc  possesses  high  powers  of  electric  i 

Cauterjr,  Electric  or  Oaivano-Cautei 

tro  therapeutics,  the  application  of  platinum  wi: 
shapes,  heated  to  incandescence  by  the  electric 
used,  in  place  of  a  knife,  for  removing  diseasec 
for  stopping  hemorrhages. 
The  operation,  though  painful  during  applies 

mmmimAm  Iaaq   wninfiil   fhnfi    i}in.f.   with   A  knife,    sil! 


WORDS,  TERMS  AXD  PHRASES.  Ill 

f  ulScnDt  liquids  or  gases  may  luke  the  place  of  t!ia  two 
•r  of  the  metal  and  metalloid.     (See  Oat  Battery.) 
Plate  of  *itir  niid  cojiper  dipped  into  a  Boliitioa  of  sulphuric 
^dnDil  water,  autl  L'oiine^'ted  outride  the  liquid  by  a  coaduc- 
^f  lorni  a  siinple  vulbiic  cell. 

bUUmzjuc  be  of  ordinary  commercial  purity,  and  is  uot  coa- 
« the  li(|uid  by  a  conductor,  the  following;  pheno- 

1)  The  sulphuric  acid  or  hydrogen  sulphate,  H,SO,,  is  de- 
iBiposed.  ainc  sulphate,  ZiiSOj,  being'  formed,  and  liydro- 
B|  H,,]ibemte<). 
V  Pi  The  tiydi'ogeii  is  liberated  mainly  at  the  siirfooe  of  the 

lopliile. 
\  P)  Thn  entire  muss  of  tlie  liquid  becomes  heated. 
Ill,  however,  the  plates  are  connected  outside  Ihe  liquid  by 
ouductor  of  elet-'tricity,  then  the  phenomena  change  and 
ffim  tollowa,  viz.  : 
I)  TIlH  sulphuric  airid  ie  decomposed  u.s  before,  but 
ti  The  hydrogen  is  liberated  at  the  surface  of  tlie  ropper 

■nly, 

ft  Tkie  Iteat  no  lunger  appears  in  the  liquid  only,  buL  also 
tl  jwrtM  of  lh>!  circuit,  and 
U  An  utoctric  current  now  flows  Ihi'ough  the  entire  cir- 
I,  aiut  mill  conliniie  ao  to  Jloie  aa  lon^  as  there  is  any  sul- 
I'liurie  a.-id  to  he  deciimpoNed,  or  zinc  with  which  to  form 
imo  sulphate. 

^ITm  meryg  whie\  previoimly  apiKareit  an  heat  mUy,  now 
•»  an  rkctric  tKergy. 

rvfore,  although  the  mere  contact  of  llie  two  nietals 

hr,  liquid  will  produce  a  diffprencc  of  potential,  it  is  the 

I  potential  rncrgj/,  which  become  kinetic  dui-iug  the 

I  cotubination,  that  supplies  the  energy  required  to 

n  tbe  electric  current     (Sua  Energy,     Kinetic  Po- 

mpte  %'ottalc  Cell- — A  itinipte  voltaic  tull  consists  of  two 


iia  A  jmrnoKiMT  or  mxcnnAL 

platen  of  different  metals,  or  of  a  metal  and  a  netallold  (or 
of  two  goaea,  or  two  liquids,  or  ot  a  liqmd  and  a  gas),  each  of 
which  is  called  a  voltaie  element,  and  which,  taken  together, 
form  whut  is  called  a  vMaie  couple. 

The  roltaia  couple  dips  Into  a  liquid  called  an  electmlyfs. 
which,  as  it  tmnamits  the  electric  current^  is  decomposed  by 
it  The  elements  are  connected  outdde  the  slectrolyte  by  any 
t'ond acting  material. 

Dircetion  of  the  Current. — In  any  voltaic  cell  the  current  is 
assumed  to  flow  Ihroitgh  tht  liquidt  from  Uie  metal  most 
a<'ted  on  to  the  metal  least  acted  on,  and  outnds  the  liqmd, 
through  the  ont«ide  circuit,  from  the  metal  least  acted  on  to 
tlie  metul  most  acted  on. 

In  Fip,  85,  a  ziwc-COjJper  voltaic  couple 
is  shown,  immersed  in  dilute  sulphuric 
acid.  Here,  since  the  nnc  is  dissolved 
by  the  sulphuric  acid,  the  zinc  is  oosi- 
tive,  and  ttie  copper  negative  in  the  li- 
quid. The  zinc  and  copper  are  of  oppo- 
site polarities  out  of  the  liquid. 

It  will  of  course  be  understood  that  in 

the  above  sicetch  the  current  flows  only 

on  the  completion  of  the  circuit  outside 

the  cell,  that  is,  when  the  conductors  at- 

:  and  i^pper  plates  are    electrically  con- 


t  of  the  Zinc  Plate. — When  zinc  is  used  tor 
the  [loaitLvo  clement,  it  will,  unless  chemically  pure,  be  dis- 
solved by  the  electrolyte  when  the  circuit  is  open,  or  will 
lie  irregularly  dissolved  wlule  the  circuit  is  closed,  produoiiif 
currents  in  little  closed  circuils  from  minute  voltaic  couples 
formed  by  the  zinc  and  such  impurities  as  carbon,  lead,  or  iron, 
etc.,  always  found  in  commercial  zinc.  (See,  AetUm,  Loetd.) 
As  it  U  pi'actica.lly  impossible  to  obtain  chemically  pure  sine, 
it  is  necessary  to  amalgavvjie  the  zinc  platet  that  it,  to  oovor 


Fig.  as. 
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•'  «ilh  n  tliln  layer  of  nnc  tuoalgam.  (See  Zinc,  Amalganut- 
lm„f.) 

Fnlariiation  of  Ihe  Negative  Plate—Since  the  evolved  hy- 
<i'oicta  npfiears  at  the  surface  of  the  negative  plate,  aftei-  a 
"liilEilie  surface  iif  this  plat«,  unless  means  are  adopted  to 
tniiil  it,  will  become  ooa1«il  with  a  film  of  iiydrogea  gas,  or 
M II  is  technically  called,  will  become  polarized.  (See  Polari- 
lulum  of  Voltaic  Cell.) 

The  vHptrl  of  this  polarixation  is  to  cause  a  falling  off  oi- 

"rakpiiing  of  the  current  prodiioeri  by  the  battei'y,  due  to  the 

'"nmtion  of  a  eMniter-tleelro-jnutive  form  pi'oilufod  by  the 

tinlro^m-covered  plate ;  tliat  is  to  say,  the  negative  plate, 

•  htAag  covered  with  hydrogen,  a  very  liighly  electro-poai- 

balenieati  l«ndH  to  produce  a  current  in  a  direction  opposed 

fttofUiRcell  proper.  (See  Counter-Eleetro-Molive Force.) 

■Ii  the  aum  of  ^orag^  eelh,  this  connler-electro-motive  forae 

I"  "niplojtiHl  OS  thi!  suun-f!  of  atcundarg  carrealt.  (See  Storage 

"f  Elcet'ricily.     Storage  Cell*.} 

In  ordpr  to  avoid  the  oJfncts  of  polai-iEation   in  voltaic  cells, 

IB  ensure  vonstancy  of  uurreni,  llie  bubbles  of  gas  at  the 

v  plate  arc  mechanically  curried  olf  either  by  roughen- 

fac»,  by  forcing  the  electrolyte  against  the  plate  us  by 

ir  by  a  slream  of  uir;  or  else  the  negative  plate   is 

ided  by  some  liquid  which  will  remove  the  hydrogen, 

*ing  into  combiTuttion  with  it.    [See  Polarixalion  of 

re  therefore  divided  into  cells  with  one  or  with 
I,  or  ^lectrolyt^a,  or,  into 
bStaglistlitid  ['ells,  and 
I  DoubU-fluid  i-ellM. 

y  forms  of  voltaio  cells  have  been  devised.     The 
ft  aniunj;;  the  more  iuipurtant,  viz.: 

8l.\OLE.Fl,f  ID  Ckixs. 
tt,  Poygendorff.  or  Bichromote  Cell.— A  zme-car- 
Ift  naed  witli  an  elei'lrulyt'j  known  us  flevtropoion,  a, 


e  ElertrojMiuyn 
?he  zinc.  Pig.  S 
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solution  al  bichronutte  ot  poUt-sli  mid  sulpliuHc  ncid  to  n 
e  ElevtTopoitm  Liquid.) 
The  zinc.  Pig.  86,  in  amalKwnttlnl  snit  {ilucctl  bntWMM 

imrbon  plates.    ThctomiiiiHlH  coanectel' 

Willi   (lie  sine  und   curbou 

ivply    iU!gttHve   ivnil   jHinifit 

(orni  shown  in  the  ttji;ure,  tb^  sine  pll 

oan  be  lifted  out  ot  the  lii]ui(l  when  ' 

txU  is  not  in  ai^tion. 

TiK-hichtvniateoellisexi-elleDt  forp 
poses  requiring  strung  ciii'i'eni*,  wh 
long  ac-tion  is  not  ncL-essary.  AstbH< 
T'l'^ltly  luilahzes,  it  cannot  be  advi 
tiiirodusly  Pinployed  lorany  cunsjdam 
|irn™i  of  time.  ItbecoiOEs  dvpoluii 
lu>wr.vr-f,  wiien  left  foi-  some  tiioe 

Tli<-  fidlowing  (.-heniicnl  reacUou  t«] 
(ilui'i?  «lien  the  cell   is   furnishing  c 

K,C'r,O,f7U,aO,+8Zn=K,S0,+!tZn80,+Cr,M(80,H-7H| 
This  I'ell  gtVRS  AH  e!e<rtro.niolivp  fori-e  of  alwut  1.987  vofl 
The  Smee  CfU. — A  tine-gUvtr  couple  ii!«c!d  with  mi  idect 
t>ta  or  dilute  sulphuric  acid.  U,80.. 

The  silver  plate  it)  covi^reii  willi  a  rou^li  uoutin^  of  nidB] 
platinum,  in  Die  condition  knnwn  ae  platinum  blaek.  (f 
Platinum  Blaclc.)  This  cell  was  formnply  extensivaljf  4 
ployed  in  electm-melallurgf  but  it  ia  now  i-fplated  by  dyt 
mo-tlectrie  machinea.  (Sm;  ElrHm-Mrlitlhirg^.  Dgnat 
Ehctric.  Afaekine.) 

A  J inc-cnrfiOTi  couple  is  someliiiiL's  tiacd  lo  ii^ptiuv  tho  >A 
Kiher  foiiplc.     A  couple  ot  zim'-lend  is  ulso  used.  thou|fh  I 
very  advantjigeoiialy. 
The  Z(ne-Cop}H:r   Cell.— A  liite-ooyjKr  couple  used  « 
■  stilphiiiic  lu-i't. 
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rtiia  WHS  lint:  •<!  Ihc  eiwUest  lorins  of  voltait;  coUa. 
I  tlie  sini^-sjlvr,   or  th>!  ziQc-copp<;r  couple,  the  cheiaical 
n  tlliiti  tuht>8  plm^  wliPQ  the  cell  is  turiiishilig  i'linviil 
■  follows,  vjjt.: 

Zn  4-  H,  SO.  —  Zn  SO,  +  H,. 
■e  uellgiveHiui  elwtro-molJvfi  force  of  about, BS  volts. 
Doi"BLK-Fi.uiii  Cell*. 
«"•  CelL — A  zinc-jilatinum,   couple    the  elements  of 
h  are  uswl  with  pleclrolyti's  <  t  sulf  liunc  and  mtrii  afiils 
iwly. 

sint^  Z.  Ktg,  ST.  I» 
IgumulMl  and  plin'cil 
dilute  milphurii;  luid. 
ttie  iiUtinuin.  P.   mio 


pong 


I  y«.i 


ce//  1 1 


ut«  It  fitini  III*:  Mil- 
3  »r-lil.  (Siw  /'oroHK 
In  Ihia  coll  Ihc  cur. 
a  niodpiiilety  cunntuiit, 
MB  the  polai'iKutiun  of  Hie 
;i  pUtc  is  pr«vcnt^d 
f  the  nitric  ucId  tluit  oxy- 
ili»rei  und  Ihiw  ivmovcH  \\\i: 
liyrin>gi>n  that  t<>nd4  In  be 
lltwfllti=«lj»t  iUdUlTaop,  The 
COIuitttni:}'  ut  thu  ciirreiil 
'y  sot  mninlaineil  for  any 
l«rsbla  time,  Binii!  ih.i 
I,  or  (WiiKumn],  xiix;  Kiilphate  foiming 
I,  and  witter  in  the  nitri>^  ucid 
^Thti  uhHnlcAl  fvuctiuns  nrn  us  F  11  u><  wr 
'In  +  H,8(J,  =  ^n  SO, 


liquids  Hio  rapulH  decoi 
[he  hulphur 


8H  4-3H  NO.  =  4H,0  -f-  3NOt 
2.V0  +  O,  =N,0,. 


c  lu*«  at  I.V3  toHb. 

iiMqile,    the    elements    t 

Iwiocn  mre  uuioefsod  nwpectivo^ 
f^i^     m  drctjvljrtns  of  dilute  Bul])hurl 
K*il  itfiMj;  oilnc  aads. 
BuBSMi's  (vll    is    Ibe    I 
B  GT\'tv's«!S<vpt  UiBl  the  plnUuiu 

I  r-  r<  f>]B«ml  Uj  carixm.    Ths  z 

L.  -    m-inMhlhr  |wrous cvjl  conti 

I  I  !_'  'Jn-  auhon.    Tbn  |»oUrity  ■ 

'I  ..  inJ..««linPig.8S; 

TIi-BunspliivU^miuid 
I  ^^     ii'->'<^  <"  I"rre  or  nlwat  I.M  volts. 
I^H'        Vamirfft   CtlL—.K    ziiie-eapt^ 
^^^     ooupir,    the    «lem(^QU    a\    wlilol 

-  —        *  Mtt  CBnlinth«ler1ro!TlMo(  tliluU 

^'  *■  nilpliuTK  acW,  and  salumln]  % 

tntkiQ  itt  copfMV  Mlplwta  rca]ie>:tivol5. 

Tbc  oopfm-  «)tnuat  is  nuMte  In  Ihe  tonu  of  k  ojrUndef  . 
Fis.  t«;  ud  fe  ptoond  ia  » 
potvwi  viSi.  The  copper  eylr  - 
iwk-r  is  proviiled  villi  n  irirft 
basket  nwir  the  Ii>p,  HIM 
will)  i-ryntab  of  hlu«  iritriul, 
so  an  to  maintKui  ili«  strmgtli 
of  tl>e  aoluttoa  whiU(tb»r«U 
IN  to  ufm.  Tho  Einc  ia  (■  tli« 
■lutpc  of  a  (.-yliniti^r  mmI  ia 
pku.-c.ll  so  ua  to  enrruund  tlie 
|)onius  cell.  Tliu  coll  |^vrs» 
n«iarly    conslant    vlectro-mo- 

Thn  conslonoy  (■/  its  tKlion 
ilpponds  on  th9  [uct  lliiit  for 

evei-y  molecule  of  sulphuric  'V-  «»■ 

lu^iU  ilvcoiiiixMud  in  tlifl  outvr  c«Il,   on  »ildttioBnl   inolec 
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ft  nilphurio  add  is  supplied  by  the  dpcompoeifion  ot  a  mole- 
~  ^«  of  copper  sulphate  in  the  inner  c^ll.     This  will  be  better 
lerstood  from  the  roilowing  reactions  which  take  place,  viz.; 
Zn  +  H,  SO^  _  Zq  so,  +  H, 
H,  +  Cu  SO,  —  H,  SOt -f  Cu. 
L  The  U,  so,,  tbuB  formed  in  the  inner  cell,  passes  through 
«  parous  oell,  aoil  the  copper  ia  deposited  on  the  surfiu^e  of 
•  <«PI>er  plate. 
I^flie   Dauietl's  cell  gives  lui  electro-motive  force  of  about. 
S  volts. 

m  objection  to  this  form  of  cell  arines  from  the  fact. 
it  the  cofipi^r  Isgrraxluully  depositeil  over  the  surface  suiJ  in 
»  of  the  poroiiB  cell,  thus  greatly  varying  its  resJBtnnce. 
I  Omvily  Cell, — A  zinc-copper  couple,  the  ele- 
inentR  of  which  are  em- 
ployed with  eletrtrolytes  of 
dilute  sulphuric  acid,  or  di- 
lute zinc  sulphate,  and  a  con- 
centrated solution  of  cop- 
per Kulpbttle  reapeclively. 
This  cell  was  denscd  in 
order  to  avoid  the  use  of  a. 
porooNcell.  As  its  nainein- 
dicates,  the  two  tliiidn  are 
separated  from  each  other 
by  gravity. 

Tlie  capper  plate   is   the 
lower  plate,  and  issurround- 
nd  liy  crystals  of  copper  sul- 
phati>.     The  zinc,  generally 
ir  crowfoot,  is  suspended  near 
n  Fig.  00. 
in  theDaniell  cell, 
ilphute  is  generally  uB«d  to  replace 
It  gives  li  ttomewhul  lower  eletitro- 
greati>r  conatAiu^  tor  tlie  c^L 


lid 
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Fig.  ai. 


The  LeebnAi  CM.— A  sino-ourixwi  ooupla  tlw  «l«m«iits  of 
which  are  used  with  &  solubon  of  Bal-ammoniac,  and  a  flnelj 
divided  layer  of  blsck-oside  ot  mMigMiMe  respectJTely. 

The  zinc  is  in  the  form  of  a  slender  rod  and  dips  into  a  aat- 
uRited  tKt\at\oji  at vd-ammoniae,  'SB.^  CI. 
Tilt!  iiej^tive  element  consistB  of  a  plate  of  carbon,  C,  Fl^. 
•1,    placed    in    a 
rouB  cell,  in 
'  which    is  a  mix- 
ture of  blacic  ox- 
ide of  manganese 
and   broken  gaf>- 
n'tort  carbon, 
tightly    packed 
around   the    car- 
n  plate.    By 

thin  meann  a  gi-natly  extended  surface  of  carbon  turrounded 
by  black  oxide  of  manganese.  Ma  O,,  is  secured.  The  entire 
outer  jai*.  and  tlie  h)>iiucs  inside  the  porous  cell  arc  HUed  wilh 
(tie  !(oIution  of  Hal-aiunioniai^  Tliis  cell,  tlioug-h  containing 
but  a  Hingle  fluid,  belongs,  in  reatitj',  to  tlie  clasa  of  doubte- 
fiuUl  celh,  being  one  in  which  the  negative  element  is  sur- 
rounded by  an  oxidizuble  nubstance,  the  block  oxide  of  man- 
ganese, which  I'cplaccs  the  nitric  add,  or  copper  sulphate  in 
the  preceding  cell. 

Tiie  I'eactions  are  as  follows,  viz.  : 

Zn+3tNHjCl)  — ZnCL,  +  3NH,  4-H,. 
The  Zn  CI,  and  NH,  react  as  follows  : 

Zn  t:i,  +  a<NH.)  — (ami,)  Zn  CI,  -l-H,. 

an  +  3(Mn,  O.)  —  H,  O  +  Mn,  0„ 

or,  possibly,  4H  +  3Mn  O,  —  Mn,  0^  +  SH,  O. 

The  Leclaiich6  cell  gives  an  electro -motive  force  of  about 

1.47  volts.     It  rapidly  polarizes,  and  cannot,  tlierefore,  give  a 

steady  current  for  any  prolonged  time.    When  left  on  open 

circuit,  however,  it  rapidly  depolarizea. 
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Of  all  the  voltaic  cells  tliat  have  been  devised  two  only, 
vi«.,  thf  Oracit]/  and  the  LtclatKhi,  have  continued  until 
uiiW  in  vmy  ^nenil  use.  Tlie  gravity  cell  being  used  on 
rloaett^in-uit  UnrM  and  the  Lvvlanrhi  on  ojien-cireiiil  liiieit : 
Utv  forniiT  beiuK-  Uiu  httst  siilU'd  or  ull  cellH  tu  fiiniish  eiin- 
httiMus  nmxtitnl  L-urtrnls  employ^  in  most  sysle^ns  uf  lele- 
iimpliy,  and  thj>  Inlter  for  rnraishing  the  int«riiiillent  nir- 
ivnt»  r«|uired  Tor  rin^ag  IwHh,  operating  an nundatora,  or  (oi- 
ntnilar  work. 

Tht  Hifmmii-Hatiike.  Cell.— 
\  tlitK-eo))pvr  I'uiipit'  Ihe  ek- 
nirnlH  uf  which  ure  eniploycd 
■ill)  ilihilr  Kiitpbum  mid  nnd 
n.itur«t^il  Kiilutioii  of  cotjp^i' suU 
litintv  rvs|jectivcly. 

TltiK  t-oll  \»  0.  inodill('«(i»ii  uf 
tloniell'iL  ArinKofziiK-.  Z  7..  Fi;; 
K,  sarmunds  Ih^  g-lns^i  cyliinli-i' 
«.  e.  The  p»roii»  ckII  Ih  iv[.I;ii  ..i 
br  a  <li«phranrin,  /  /,   of  piToui; 

ur,  tonuvd   by  the  action  of    , 
Mph uric  acid  on  11  iiinsHdf  )>;ipi-[' 
■Ip.  CryirtalBotcopp^r-BiilplLuli? 
■  pittcvd  in  liiH  glass  jur.  c  i-, 
I  TMt  on   the  Clipper  [■Ittli-  k-, 
i  U(  a  dose  copiwr  spiml. 
s  are  ikttiu-lied  uL  b  and 
^1.    Ttra  i>nlin>  cmH  is  charged  i 
m  tvtawtaiHw  uf  the  cell  is  hi|;li. 
I  Tlu  Mebtinger  Cell, — A  zine-eopper  couple  the  eleiuentu  of 
AM)  oral  (^mployrtl  with  dilute  sulpbiiiic  acid,  ur  siiliitiou  of 
Hphate  I'f  niu^ic%ia,  and  Mroiig  nitnc  acid,  respeclivoly. 

~M  unuther  modillcation  of  the  Duniell  i^ell.    The  xjnc- 

roouple  i^  thu-s  arrun^d  :  Z  Z,  Fig.  93,  is  an  amalf  ct- 

ic  riug  pliicetl  near  the  walls  of  the  vessel,  A  A.  The 
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copper  element  c  is  slmi1»rly  ploi-ntl  with   rcspetrt  to  llip 

»el  h  b.  The  g-Ia^M  cylindfrr  h 
flUed  witli  iT_vBtjilB  of  copper  sul- 
pliate,  has  a  small  hole  ui  lis  1>ol 
lorn,  and  ke«p8  the  vessel,  b  b 
supplied  willt  saturat4.-d  soliiUoi 
of  i'(ipi>er  aiilpimte.  The  «-ll  i 
chiiri^i^d  with  dilutpaiilphuricftcidj 
or  ft  dilulp  solution  of  ^isoi 
snita.  or  magneaium  siilpKale. 
Cell,  mnndard  Voltal 

(See    Bfon<liir(l     Voltak 

Cell.t 

€oinentB(  IiiMulatlns  - 

—Various  mixtures  of  gums,  reelnft 

and  other  siibtttanccs,  posse^ng 

the  ability  Ui  hind  two   or  . 

substances   tDg«ther  and  ;t>t   U 

i  from  the  other. 

Cvnll  UL9  a.  prefix).— The  one  hundredth  of. 

('cntigrBde   Ttiermomeler  Srnle.^ — A  thermomotec 

si'jvie  on  whii.U  the  freezing'  point  of  water  is  marked  0°,  and, 

Uie  hoiliui;  point  nl  30  inches  of  Uie  baromi^tvr  100°. 

Centigrwle  Uegroea  arc  indicated  by  n  C,  thus  0"  0.  Ol 
100°  C,  to  distinguish  them  from  Fahrenheit  degreos  that  an 
niarki^d  P.— (See  Tliervtotneler.) 

CenUgnuame.—Tbp  Inmdredtb  of  a  ^runimc,  or  1544 
gniins.     {See  Metric  Synlem  nf  Weighta  and  Jf ca«ur-e«.  1 

Cifmtlnietre.— A  ]<>ne1h  e<iual  to  llie  one  hundreUi  uf  » 
metre  or   .3937   incli.     (See  Mefrie  Sysfcm  of  WtsigMii  and- 


Jtfttii 


■«■) 


Conllinrlrc-Grnninic--Sf'f-an<i   Syriem,  or  tbc 

O.  S.  ftykleni.— A  HVBlcm  of  units  of  mcosuri'mcnt  in  whjeli 
the  eentim«lrH   is   adopted   for  the   unit  of  thn  ]i>ng1 


woM)5,  traaiB  urn  VB&Asna. 


tofir 


,  fiDil  the  second  [or  the  unit  oF 


the  same  as  tlie  Ab»ohtfe  System  of  Units.     (See 
olutc  Vnilx.) 

J    tilHlloa     lilghllng.— (See    Lighting.   Central 
mtntinn. 
I  Ccnlrt>  orftravHy.— (See  flrautfif.  Centre  of.) 

4>nlrc«rOiicillaliuii.— (Se«!  OaciSatifm,  Cenlreof.) 

Cenlrcr  of  I'crcuMlon.— (See  Pereusaion,  Centre  of.) 

CmlrinmHl  Furce  (so  called).— The  roroe  that  is  aiip- 

posed  to  urge  a  rotating  body  directly  awiiy  trom  ttie  centre 

Lof  rvtatjon. 

■  If  a  done  be  tiiul  to  u  string  and  whirled  around,  and  the 
Bwtring  breuk,  the  slooe  will  not  fly  otT  directlg  aval/  //""m  the 
WEmMtre,  but  will  move  ulong  the  tangent  to  the  point  where  it 
^■W  when  the  Ktriog  bruk^. 

^vThB  cvolrUugal  [orce  in  reality  is  the  force  whicli  is  repre- 
^fiDte4  by  the  t«nsiun  to  which  the  string  is  subjected  during 

^B  CeMirinigal  fiovernor A  device  lor  racuntain- 

^Bl^  constant  the  speed  of  a  stoam  engine  or  other  prime 
^Hiwer,  tlespitf^  Riuldeti  changes  iu  the  loaij,  or  work. 
^K  In  B  ball  govt^riior  any  increase  iu  speed  causes  the  balls  to 
^^k  oitt  From  tlie  centre  of  rotation  by  centrifugal  Toroe,  which 
^H  ntilixed  to  control  a  valve  or  otimr  regulating  device,  tf 
^KpApeed  fallR  llie  bolls  movu  towards  Uie  centre,  shiTtiii^  tli>* 
^Bhlre  or  regulating  device  in  the  opposite  direction. 

^VCIuklM,  Holccuinr (See  Afoteciifur  Chain.) 

^K  Chamlwr  of  Lamp.— The  glass  bulb  or  cliaitiber  o[  an 
^KHMDiltisiang  electric  lamp  in  which  the  incandescing  con- 
^KiRtor  to  |>lni-nil,  luid  which  iH  generally  maintained  at  a  high 

^K  4.1innMrt«>rlallr  CiirvcM.— DiagraniB  in  which  curves  are 
^^BiployMl  to  ri^prescint  tite  ratio  of  certain  vaiying  vftlnes. 


The  electromiotiv*  lOnM  gnantai  in  the 


0.  dyn&ni<>eleoWo  madirnfi,  wban  tb»  migBetio  field  ia  of  n 
coHHtant  intenai^,  iatheoratloeUr  proportloBal  to  the  apeed 
(>r  rotation.  (In  practice  thla  is  pRvented  hf  m  nnmber  of  dr- 
uiiiiistiiiKx-s).  The  relation  existinB  between  tlie  speed  end 
einrti-u-niotive  force  may  be  gnphicftlly  repreaented  by  refcr- 
rini;  Ihe  VEtlues  to  tn-o  stmight  lioes,  one  liarisontal  and  the 
other  vertical,  called  respectively  the 
IS  of  dbtetataa  and  ordinate^. 
(See  AbaeUaaa,  Axia  of.)  If,  in  a 
^ven  case,  the  number  of  revolutions 
B  marked  off  along  the  horizontal 
le  from  the  point  0,  Pig.  M,  in  dis- 
'  lances  from  0,  propoi-tional  tu  Iho 
Flg.»i.~  number  of  revolutions,  ani)  the  cor- 

respondin);  electro-molive  forces  are  marked  off  along  tlii" 
virtii-al  lino  in  dinlances  fron)  0,  proportional  to  the  electro- 
motive roix'iti,  tlio  points  where  these  lines  intersect,  will 
form  till-  cliarnt-'teristic  ctirve  as  shown  for  the  particular 

Charge,  Bound  and  Free (See  Bound  and 

Free  Charge.) 
Charge,  Densliy  of or  Electrleal  Density.— 

The  quantity  of  electricity  at  any  point  on  a  charged  surface. 

Coulotnli  lilted  the  phrase  Surface  Deniifg  to   mean  the 

quantity   of  electricity  per   unit  of  area  at  any   point  on  a 

Charfo,   Electric The  quantity  of  electricitj- 

that  exists  on  the  surface  of  an  insulated  elect  rJRed  conductor. 

When  .inch  a  conductor  is  touched  by  a  good  conductor  con- 
nected with  the  earth,  it  is  diKkarged. 

Cbaive,  Dissipation  of (See   Diasipation  of 

Charge.) 

Cbarg^f  IHitrlbntlon  of The  variations  that 


^ORDS,  TEAMS  JlSD  fttKABSB. 


W«  in  the  density  of  an  electi'ical  charge  at  different  portions 

«S»mrface  o(  all  insulati'd  conductors  except  spherps. 
Tlie  ileasilj-  o(  oliart^  varies  ut  different  points  or  tlie  sur- 

■M  i>r  conductoi-s  of  vurious  siiiipes.    It  is  unirorm  ut  all 

Vinls  on  the  Hurraci^  of  » (iphere. 

It  \»  grealeet  itt  llie  extreinilieii  ut  the  longi^r  uxis  of  un  egg' 

Mfii'd  liud)'.  uni)  t'n^er  at  ttie  elinrper  end. 

It  HI  Dve  times  greater  at  tlie  eorners  of  a  cube  than  at  the 

"lleut  aside. 

Jl  wgnuUcat  roiiud  the  eilgi;  ol  a  circular  disc, 

Itis  grmtti^st  at  the  n|H'X  of  a  coue. 

Chaise,  Re»idual —Tlie  charge  poBsess.?!!  Uy  ii 

■iged  Leydcn  jar  u  few  uiunieals  artcr  it  tius  be^n  dis- 
)Uv«ljr  discharged  by  the  connection  of  its  opposite  coatiiifis. 
rbc  residual  cliorgeis  protiobly  due  to  a  species  of  die  jccfric 
nin,  or  a  strained  position  of  tlie  molecules  of  the  gluss 
iscd  by  the  chai'ge.  Such  residual  i-liarg«  is  not  preacnl.  iti 
condensers. 

Ckuve,  Reiurn (See  fliicfc  Stroke  or  Selum.) 

bargl^V  Accumulalori.— Sending  an  electric  current 
a  fAom^  battery  for  tlie  pur{)Ose  of  rendering  it  an  elec- 

There  is,  strictly  »|ieaking,  no  accumulation  of  electricity 
K  xturage  hallery,  such  for  example  as  takes  pla<'e  in  ii 
iidens<!r.    (Hoe  Storage  Batlerieii). 

Bkara«l«rUtfo>  or  Sound.— The  peculiarities  that 
■ble  different  niiiftical  HOumU  to  be  distinguished  fnim  un>r> 

llw  oik&racteristica  of  musical  aoimds  are  : 

[t)  The  Tone  vr  fitch,  according  1    which  a  sound  is  either 

kT«  or  shrill. 

[f)  The  Meimity  or  Lnuilnem,  a4M»rdiug  to  which  a  Bound 

eiUuir  loud  or  fi^lle. 

(8}  Th"  Quality  or  Timbre,  the  peculiarity  which  euahlen  us 
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lo  distinguish  between  two  eouads  of  the  nine  pHob  uid 
intensily,  but  Mounded  on  different  inBtiiimantB,u  for  example 
on  u  flute  and  on  a  piano. 

Cbemlcal  EOtoet  or  (Aobbci. — Such  a  obaose,  occa- 
sioned br  chemical  combination,  m  resulta  in  a  loss  of  thore 
pmperliM  or  peculiarities  by  which  the  aubetanoes  entering 
into  combination  are  ordinarily  reoognind. 

Block  carlioo,  and  yellow  snlphur,  for  example,  both  Bolidn, 
imiti*  clw^mi  '  .1y  to  form  a  transparent  oolorlras  liquid. 

Clieniical  clianges  differ  from  physical  cbangea,  which  latter 
can  occur  in  a  Bubtitance  without  the  loes  by  it  of  the  proper- 
ties it  orilinnrily  poRsenscs. 

Tlius  II  sheet  of  vulcanite,  electrified  by  friction,  still  retainii 
its  I'lmracl eristic  liousity,  shape,  color,  etc, 
C'benlcal  Equlralent. — (Sec  Equivalftit,  Otemical.) 
<'brinlral  PholDinetor.— (See  Photometert.) 
i'heinioHl  Potential  Energy-— (See  Energy  Atomie. 
iir  Entrgg  Potential.) 
Chemical  Recorder.— <See  Recorder,  Chemical,  Bain't.) 

Crimea,  Electric Bells, 

run);  by  the  attractions  and  repul- 
sions of  electrostatic  charges. 
B  iind  It,  Fig.  ft">,  are  directly  con- 
I  niHrtwl    to   the  prime   or  ptmtive 
conductor -|-,  of  a  frictional  machine, 
r  is  insiilntiKl   from  this  conductor 
by  means  of  n  silk  tlireud,  but  is  con- 
L,^^  necteil  with  the  ground  by  the  me- 
;   6     tullic  cliuinC.     Under  these  circum- 
Htnnces  the  clnppcrs,  /  /,   insulated 
by  silk   threiuls,  t  I,  are  attracted 
t^'  Si.  to  B,  B.  by  an  induced  charge  and 

repelled  to  C,  where  they  lose  tlieir  charge  only  to  be  ogwn 


r  ""Wettd  U)  B.  B.     In  this  way  Uie  bells  will  coulinne  rinfe-mg 
"  ^agas  the  electric  macliiae  is  in  operation. 

(^ronoBTsph,    Eleclric An   apparatus    for 

*lfctricatlj-  measuring iind  registering  stiiall  Inlerviils  o(  time, 
(jbinw^raphs,  though  of  a.  variety  of  tornis,  generally  regis- 
>^i>iiniit«  intervals  of  time  by  causing' a  tuning' fork  ur  \'i bra t- 
■"Siar  of  steel,  whoae  rate  of  motion  is  accurately  known,  to 
''^  a  ainuoua  line  on  a  smoke  blackened  slieat  of  paper, 
I'Ucwl  on  a  trylinOer  driven  by  clockwork,  at  a  uniform  rate 
"'  molion.  If  a  fork  that  la  known  to  produtf,  say.  356  vibra- 
<'uiU|ivr  second  be  used,  each  sinuous  line  will  represent  ,1, 
pKrt  of  a  second. 

In ele<^In>'nlu^^ut  Is  used  to  make  marks  on  the  line  at  the 
^nning  and  tlie  end  of  the  observation,  and  thus  perniil  its 
n  to  be  meatured. 

WOscope,  Electric An  apparatus  for  elei-- 

■al\y  indicating,  but  nut  necessarily  recording,  small  inter- 

ismoU  interval  of  time  required  for  a  rille  ball  tti  putts 

a  two  (Hilnts  may  be  determined  by  causing  the  ball  to 

B  two  wire  screens  placed  o.  known  distance  apart.     As 

I  are  suceessivN^ly  pierced,  an  electric  circuit  is  thus 

r  broken,  and  marks  are  reginterei)  electrically  on  any 

rntos  moving  with  u.  known  velocity. 

e,  .%Klmatti (See  t 

h  CireU.}  1 

©,  Tollalc  OP  Galvanic    , ^^""^i^ 


tame  formerly  employed  1  -IE 

■  cell  or  circuit.  '  ^ 

ABt»ti<- A    fir-  ij +ii 

two  closed  curves  ^^^    [5 

«)ual  surfaces.  ft'J-  *' 

drcuil  is  not  under  (lie  w^ion  of  the  i-iirlli's  field. 
lit  disposed.  IIS  shown  in  Fi|r.  96.  is  astatic  and  pro- 
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ciiK-ps  two  equal  and  opposite  fields  at  S  and  S'.    (See  Mag- 
netititi\  Amph'e'8  Theory  of,) 

Clrcuil,  Broken  or  Opened,  Hade,  Cloved,  or 

€*€>inpleted A  (*inniit  is  hro^een  or  opened^  when  its 

i'oiuliictin^  continuity  is  disturbed,  or  when  the  current  can- 

ii(»t  pass. 

4ir€*uit,  Closed,  Completed  or  Hade A 

rircuit  is  cloned,  completed^  or  made  when  its  conducting 
rontiniiitv  is  such  that  the  current  can 


Circuit,  Compound A  circuit  containing  more 

llian  ii  siiivrh*  source,  or  more  than  a  single  electro-receptive 
«li»vi<«\  or  b<»th,  ('orinooleii  by  conducting  wires. 

Tiii>  tiM'iii  coiiipouiid  rircuit  is  sometimes  applie<1  to  a  series 
t'irt^nft.  {Hi^o  Circuit,  ScricH.)  The  term,  however,  is  a  bad 
<»iii».  niul  is  not  vron«'iiilly  aulopted. 

4ir<*iill,  Karth* A  circuit  in  which  the  ground 

or  cart b   forms   part  of  the  conducting  path.     (See  Circwif, 
\'nricticH  of.) 

m 

4ir<*iiil.  I']l<*<*lric LiteniUy  to  go  around. 

Tbc  patb  ill  wbicb  oloctricity  circxdates  or  passes  from  a 
given  point,  around  or  through  a  conducting  path,  back  again 
tt»  its  starting  point. 

Ail  sinipb*  circuits  consist  of  tbc  following  parts,  viz.: 

\U  Of  an  electric  Source,  which  may  be  n.  voltaic  battery 
a  t/n'rniO'fn'h\  a  difnnmo-clcctric  machinej  or  any  other  means 
for  producing  electricity. 

r.'^  Of  Leads  oY  Coiiductorn  for  carrying  the  electricity  out 
frnui  t  be  source,  ttirou.i;:ti  wliatevor  apparatus  is  placed  in  the 
but>.  and  back  again  to  tbe  source. 

k'M  Various  F.lccfvo-Rvccpiivc  Devices,  such  jis  elcctro-mag- 
ui'ts.  electrolytic  bat  lis,  electric  motors,  electric  beaters,  etc, 
tbrougb  wbicb  tbe  current  p;usses  and  by  which  they  are  ao- 
tuat«'4l  or  operated. 
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itvhicliii: 


H      Inci 


**'«aH.  External That  part  of  a 

«i:t"iini_  or  outaide  the  electric  iwuroe. 

Ctitiiii,    Oroundcfl A.  circuit    in    which    the 

FWiidiifonna   psirl  of  the  patti  through  which  the,  ciiiTent 

^  the  ground  is  not  aluruysagooti  conductor,  the  terminals 
'hould  lie  ciinnefted  with  the  gas  or  water  pipes,  or  with 
nwlsilio  plates,  called  ground  plate*.  Such  eonneclion.  cr 
■iiTiilar  ground  connection  Is  nsuiilly  termed  the  ground 
tartk. 
Mrcull  Indlcalor.— (See  Indkalor.) 

aiYult,  InlernHl — That  pail  ot  a  circuit  which  is 

Inciudi'il  witiiin  the  electric  souri*. 

Ctmitl,  Line The  wire  or  other  conductors  in 

thi'maiti  llncotany  telegraphic  or  other  electric  circuit,     (See 

i|.  Lneul The  circuit  in  a  telegraphic  system 

IN  pliwoil  a  local  batt«r,y  as  distinguished  from  a.  iiiiiin 
(See  Telegraph,  Morte  Syslem.) 

II.  Miiln  Batlcry A  term  sometJmeR  used 

."irciiil.     (.See  Circuit,  Lint.) 

lit,  Naimrttt' The  path  through  which  the 

of  magnetic  foni- 

n  lines  of  (orce  form 
Jclrculls. 
the  bar  magni-t, 
n  Fig.  B7.  pari  of 
li  la  thi-ough  tlic 
In  onler  to  reduco 
'  re»i«tanef 

n  circuit,  iron  in  often  placed  around  the  mag- 
Themugnet  is  tJien  said  to  be  iro$i-clad. 

of  a  magnet  lowijrs  the  magnetic  resistancfl 
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oy  affording'  a  better  path  for  the  lines  of  magnetio  force  than 
the  air  between  the  poles. 

Circuit,  Metallic  ^— —  —A  circuit  in  which  the  ground 
is  not  employed  as  any  part  of  the  path  of  the  current 

Orrult,  Multlple-SerlM  ^^—  —(See  CireuUs,  Varie- 
ties of.) 

m 

Circull,  Parallel  or  Xaltlple-Are — (See  Cir^ 

CH  its,  1  '<!  riet  ics  of, ) 

Circuit,  Slaiple A  circuit  containing  a  single 

eUvtrio  source,  and  a  single  electro-receptive  device,  connected 
bv  a  sinj^lo  it.>nihictor. 

The  torni  Himjtlc  circuit  is  sometimes  applied  to  a  multiple 
aix'  oircnit.  The  term  is  not,  however,  a  good  one,  and  is  not 
in  gon»»nil  use. 

Circuit,  Series (See  Circuits,  Varieties  of,) 

Circuits  Series-Unit Iple (See  Circuits,  Varie- 
ties of,) 

Circuit,  Shunt    or   Derived A  circuit  which 

forms  an  additional  i>ath  for  an  electric  current.  (See  Shunt, 
or  Derived  Circuit.) 

Circuits,  Varieties  of Conducting  patlis  pro- 
vided for  the  piissap^  of  an  elect rir-  current. 

Elei'tric  circuits  may  bo  divided  according  to  their  complex- 
ity into 

(1)  Simple. 

(2)  Compound. 

According  to  the  poiuiliaritios  of  their  connections  into 

(1)  Shunt  or  Derived. 

(2)  Seri«'s. 

(3)  PaniUel  or  Multiple- Arc, 
.  (4)  Multiplo-SerieH. 

(6)  Series-Multiple. 
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mrdin?  to  their  tvlutiou  lu  iW  clectrk  soiiri.'e  into 
)  lnt«rtul  circuil*. 
(S)  Extermil  circuits. 

According  to  their  positioD  in  the  dreuil,  or  flie   work 
dmtft.  circuits  are  diviiliHl  into  vpry  numerous  class^:  tlius  in 
wo  have  Ihi?  following',  via.  : 
^  The  Line  circuit. 
I  The  Earth  or  Ground  circuit. 
f  The  Lotnl  Bftlt^a-y  wrciiit. 
Jk  The  Uaifi  Buttery  drouit,  etc. 

■Bkaple  circuit  is  one  wbicli  contaia*)  but  a  single  electric 
igle  electro-receptive  device,  connected  by  li 
taoonditrling  wire. 
b  «om|M>iind  circuit  is  one  which  contiunH  more  tlian  a 
kdiwiric  source,  or  more  than  a.  single  electro -receptive 
t,  or  both,  connected  by  cond  noting  wires. 
sr  the  circuits,  the  sources,  or  the  eleotro-receptive  de- 
Jliiuiy  IiBOonnected  in  series,  in  multiple,  in  multiple-series, 
fcMriH^ulti|ili>. 

Jt  most  Important  of  these  are  as  follows : 
l&riM  eireuilt  or  connectiona.    Compound  circuits,  in 
li  ^m  Mporate  circuila,  or  xources,  are  connected  in  one 
7  Joining  Uteir  «pposile  polt»  BO  that  tl>e  current  pro- 
id  in  each  pasnii  successively  through  the  circuit. 


Wh 


,   shown  in  FIr.  08,  nre  conn'vjted    in  series 
KfoaitivA  i)o|p  <if  enrh  cell  with  the  nfgatJv* 


lao 
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pole  of  the  loiGCeecliiis  cell,  th«  negKtive  Mid  podtiTe  poles  mt 
t>ip  extreme  ends  being  connected  by  any  conductor. 

,,      c  +  -^  .,+       .         Tha  connection 

.  of  three  Led&ii- 
<;1£  oells  in*erie» 
is  clearly  shown 
in  Tig.  W.  The 
carbons,  C  C,  of 
the  first  and  aeo- 
ond  cells  an  cod- 
f^gs^-  nected  to  the 

zinrs,  Z»  Zn.  of  the  second  and  third  cells,  thus  leaving  th« 
Kinc.  Zji,  of  tiip  first  coil,  and  Ihe  carbon,  C,  at  tiie  third  cell, 
a^  the  t4<riiii Hills  oi  tiio  haUerg.  Thn  direction  of  the  current 
is  shown  bv  thp  arrows. 

The  rGsisIanii*  of  siicli  a  cnannction  is  eqnal  to  the  sum  of 
tlio  resistances  of  cacli  of  the  si'paratn  sources. 

Tl)e  elerti'D-niotive  force  is  equal  to  thi>  sum  of  t)ie  Re|>arate 
eli'elro-molive  fon?es. 

If  tlie  f  li><;lr(>-iiioliv<-  force  of  a  singl<^  cell  is  efgual  to  E,  its 
intrninl  rivtistance  lo  r.  and  the  resistance  of  the  leads  and 
elect I'o-rt'n'iilive  ilevici-s  to  r',  then  tlie  current  in  the  circuit. 


It  six  of  such  cells  arecoiipleil  in  sPriea.  theciirreit  ivpconies 
«!E 
'~  tir+r' 
If,  however,  the  internal  resistance  of  each  cell  be  sc  small 

us  to  1)0  neglei-tpd,  tlie  fonniibi  liecomes 


T  the  current  is  six  Umes  as  great  as  with  one  cell. 
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Wie  Mrifls  connection  of  battery  cells  is  used  on  Mrgrajih 

linrt,  or  in  nil  I'ases  wlwre  a.  high  eteetro-motU'e  force  U  re- 

riml  in  order  to  overcome  u  considerable  resjslitnve  iatlic 

n.uit.    Til"  iristrumenls  are  also  generallyconnet-teil  to  the 


This  scrips  connection  wa-i  formerly  willed  Co: 
Iitltvmtg.    The  tfrm  ut  now  ahandonoi]. 


.7,/..r 


IJ(  Paratlel  Cirruil,  or  Jfu/fijite-jl re, —A compound  ciiiruii 
in  whirh  ih"  sPpnrnlc  snitrcFsi,  or  the  separate  electro-receptive 
'iTifAH,  orbothiaro  conncH-tid  iiy  one  set  of  temiinals,  xtich 
ii«th>p(Mitivo.  to  one  loiul,  ormiiin  posiilive  conductor ;  »nd 
«ll  Ifap  DPgntive  tiTniinalu  arc  similarly  connpctfd  to  another 
1>9i),  or  Diain  negative  conilnrlor,  a^  shown  in  Fig.  100. 


las 


▲  mctKtorjohr  6r  feLiCrVBiCAL 


nected  together  to  form  the  poaitiTey  or  +  tenninal  of  the 
l»;ittor\%  and  the  three  ziiics,  Z»  Z»  Z»,  are  aimilaiiy  connected 
toiTi^ihor  to  form  the  negative,  or  —  terminaL 

The  eIoi*tn>-motive  force  is  the  same  as  that  of  a  single  cell, 
or  >oiin*t>.  The  internal  resistance  of  the  source  is  as  mucdi 
li>^<  tlian  the  resistance  of  any  single  source  as  the  area  of 
tho  o-knibinod  negative  or  positive  plates  is  greater  than  that 
of  any  sinj^Io  negative  or  positive  plate ;  or,  in  other  words,  is 
l»^<  in  proportion  to  the  number  of  cells,  or  other  separate 
sour\.vs  so  coupled. 

In  the  case  of  the  six  cells  above  referred  to,  the  current 
would  be, 

E 


C  =  r 

6 

wlioro  E,  is  the  olootro-motive  forco,  r,  the  internal  and  f^^ 
th«»  oxtrrnal  n-sistanco. 

Tho  otTtH't  of  niiihipip  oonnootion  on  the  internal  resistance 
of  tlio  souroo  is  to  increase  the  area  of  cross  section  of  the 
liquid  in  the  direi't  pro]x>rtion  of  the  number  of  colls  added. 


1 


cj 


Fig.  10*, 

When  stroni?  or  largo  currents  of  low  oloctro-motivo  force  are 
required,  connections  in  multiple-arc  are  /generally  em])loyed. 

The  multiple-arc  connection  was  formerly  called  the  Con^ 
nectinnfor  Quantity,    This  term  is  now  abandoned. 
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(81  JdullipleSerie*  Circuit.— A  LomiKiund  < 
the  oepanUe  houii;«!j,  or  plectro-roceptive  (ievit;eK,  ure  con- 
neripil  i a  groups  in  multiple-arc,  and  the  meinbeni  of  eutii 
frroitji  sudwqucally  connected  in  seriea. 

In  Fig».  103  and  103,  multipk-Heries  circuits  of  six  hoiii'ccs 
irf  shown.     The   i^— 
iirrvnt  tAk<«  the 
|.a1hK  inilicnfeil 
iv    Um    nrrowa. 


tirp  loKv  of  thf 
-<iTa-  will  bd  iii- 
-■-aaed  in  jiru- 
:  rtinn  to  tlii' 
iiinli^rot  cells  in 


iindtiie  iuteiiiiil  rusistunee  deci-eiised 
to  till!  Liimilier  in  parallel.  Hiipposin^  the:  circuit 
rauHtaace  eijiiiil  to  r*,  the  current  would   be,  in 


iUMtinlhel-'ii;.  103. 


tl)  In  Srrie»-MullipU;  the  i 
mliuD  buxes,  a  number  of 


iiethotl  adopted  in  t 
iDuitipie  groups  o 


I  with  each  other  in  seriea,  as  sbowD  in  Fig.   104. 
;,  J}i»lTibiition, /or  Arc  Light  Circuils.) 
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In  Uiis  connection  the  reaniiitance  of  each  multiple  group  is 
oqiial  to  the  resistance  of  a  single  branch  divided  by  the  num- 
Iwr  of  branches. 

Th(>  total  resistan(*e  of  the  circuit  is  equal  to  the  sutn  of  the 
resis(ani-(*s  of  the  multiple  groups. 

Tlic  resistances  of  the  separate  compound  circuits  is  as  fol- 
lows :  Calling  R',  R',  and  R'",  the  resistance  of  each  of  the 
se|uirate  {Nirts  and  the  joint  resistance  R. 

(1)  For  the  series  circuit, 

R  =  R'  +  R"  +  R"'. 

(2)  For  the  panillel  circuit, 

RXR'XR" 


R  =  — 


ir  nr'f     t 


K  R"  +  R"  R"  +  R'  R' 

or.  wliat  is  tin'  s;mn'  thin^,  the  conductivity  of  a  multiple  cir- 
cuit is  tlie  sum  of  th«»  reciprocals  of  the  s«»i>arqite  resistances; 

1  1         1 

or.  C'omluctivitv 1 1 . 

K        K"       R'" 
{'.\)  For  thi'  iiiultiplo-si*ries  ciivuit,  if  the  ivsistance  of  each 
tinuit  i^  r,  tlioii  llie  total  resistance 

2r 
K=  -    , 

wlicii  three  are  in  parallel  and  two  in  series  ;  and 

3r 
R=  -    , 


o 


whrn  two  are  in  parallel  and  three  in  scries. 

(4)  For  the  series-multiple  circuit,  calling  r  the  resistance 
of  each  separatt!  circuit  in  the  live  parallel  circmts,  then 
tlio  rosi^^tancc  of  each  of  th(>  parallel  groups  is 


7* 


5 


and  the  total  resistance  of  the  three  groups  is 

r       r       r  3r 

R=-+-+-     =   -. 
9       6       6  6 


i 
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C^lmllttr  UntU.— Unils  based  ujion  tlie  viiliie  of  tlii.-  urru 
1 1 1  .1  circle  whofte  dianictc-r  is  unity. 
Clrf  ular  Vnlls  (C^rosi-Secllous),  Table  of. 

. uvular  mil. =   .TSfliO  aqiiai'e  iriil. 

■■  — =   .00064314  (^i-culur  niillimeliv. 

-    .00050669  sc|uiir«  millimetre. 

1  sqiturv   rail =  1.2733  L-Lrculiir  mils. 

-- =    .00083141  circular  millimeti-e. 

1  drciilur  millimetre =  15<W.l  circular  mils. 

"  =  121T.4  square  mils. 

"  -. =   .78540  square  millimetre. 

I  w]U&re  milliluetre =  19T3.Q  circular  miU. 

"  =  1.2733  citeulfu-millimuti-t^is. 

It  li  is  tile  dianieter  ot  a  circle,  the  tunta  in  olJiei'  units  is  - 
It  (I  b  In  roils.,  area  in  eq. 

millimetres =  rf»  x   .00050669, 

d  in  millimetres,  area  in  sq. 

milH =  d'x  1317.4. 

d  Id  centimetres,  area  In  si). 

Inches =  rf»x  13174. 

<l  in  inches,  urea  in  aq.  centi- 
metres  ^d'xS.oeOO. 

{Hcrhig.) 
Cbunp  or  <.'lutcli   for  Arc   Ltunp*,— A   ctamp   tur 
'■rr\\,piaf;  i|i>>  laiii|i'roi],  i,  e.,  tjie  rod  lliut  supports  the  carbon 
'  irLlrodrsut  aiv  IiimpH.     (See  Lamp.  KUclric  Arc.) 

Clenlfc— Insiilivting  aiipimrts  fur  atliu.'hiDg  wires   U}   tlie 
■'■■uh  ur  c('jlln)rH  i>f  tiuililiu^Es. 

flvpajrdru,  Electric An  inxtruroent  tor  meaHui'- 

T!.'  (lull.-  liy  Ihoescaiwot  water  or  otlier  liquid  uniter  eJeotrical 
■  ■Htrtil. 

ChK-ka,  Kleclrlc Clocks,  the  works  ol  wliicli  are 

■ij'ivmI  t'itli"r  I'liliri'ly  or  [larlially  by  the  electric  furi-cnt, 
T-  L-uotrulK-d  ur  leyuiali^d  by  llio  eli^ctrii:  ■.■iirri-nt,  oi'  we 
I'ljiiod  thereby. 


k  DICnWIABT  OW  SLXCTtaCAI. 


Electric  docfc*  may  Iliereiore  be  divided  inlo  tliree  classes, 

(1)  ThoseinwIiicU  the  works  nre  moved  entirely  or  partially 
by  the  electric  L'urrenl. 

(i)  Those  wliii'h  are  cxintrolletl  or  iv^lated  by  the  electric 
current. 

<3)  Those  tvhioh  are  merely  wound  by  the  current. 

A  clock  m<>viii};  iudopi^ndenlly  of  ulectric  iH>wer,  is  f^ven  a 
slight  retard^il  ii'ii  ur  luvoU'raliou  (■k'cli'iojilly  and  is  thus  pre- 
vented from  L-.iniiiii;  oj-  ln-in-  \uif.  Th.'  'Titir.'  iiioUon  of 
thebiUancc  vU..  .-i  i-  -, r ■■.  iili|>.ii1i'iI  l.v  .-U;  ti-n.ny. 

An  example  of  one  of  many  forma  of  electric  clock  is  Hhown 
in  Pig.  lOS,  where  the  split  battery  (SeefioHery,  SpiU),P  N,ia 
connected,  as  shown,  to  the  spring  contacts  S  and  S'. 


Pis-  IDS, 


By  these  nifans  currents  are  sent  into  the  circuit  in  alter- 
nately opposit*  directions.  The  pendulum  bob,  Fig.  106,  of  the 
controlled  clock  is  formed  of  a  hollow  coil  of  insulated  wire, 
which  encircles  one  or  both  of   two  permanent  magnets, 


d  A',  pluceil  with  tlnJi'  ofipoaiLe  poles  tacing  e:ich  olher. 
n,  Htih'''t  motiuu  TurwurdH  ur  iKu.'kvriit'du  in  iiii- 
tULTU^d  to  tim  jiL-uiluliiiii  wJik'h  is  tliuH  kept  iu  time  with  llit^ 
uonlrulling  iluck. 

Thfcoiil-poillngdwkissliownin  Fit,'.  lO-'i.  ami  IhefuntrollMl 
clock  iu  Fig.  IM.  Mercury  conta<As  are  soini^tjtiii^s  ein|)loyi;J 
111  i>kt:n(-t  U)(!  Kpritih'sS  and  S'.  Iniliic-tion  ourreuta  may  also 
h\!  cinploypil. 

Ckifks  of  nou-itleolriu  twtion  nisiy  bu  ele«triually  controlled, 
or  correctly  set  ut  certiiin  intervals,  eitlier  autaiimtically  by  a 
ivnlml  clix'k,  or  by  tlict  depression  of  a  key  opeiiiled  by  li^od 

Rii  astrouottuuil  olisen'atory. 
B)-slnni  of  Time  Telegrayhj/,  the  oontrollinu  tloik  is 
the  Mutter  Cluek,  and  the  wntrollwi  clocks  lli.'  fivcunil- 
ocMk 
ndary  clot'kH  are  gencrully  mere  dials,  cont-uioing  glvp- 
I  movmnenla,  for  moving  the  hour,  minute  and  mccu ad 
(Set*  Tekgraphji,  Stei^bpStep.) 
? 


*i 


a  un  Ihi;  cilvumfeicn^i;  of  a  wheel. 
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escai>eincnt  wheel,  pamsiioceaBively»  with  astep-l^-step  move- 
ment, over  the  poles  of  electro-magnets.  On  the  completion 
of  the  i'ircuit,  they  are  attracted  towards  the  magnet,  and  on 
the  breaking  of  the  circuit  they  are  drawn  away  by  the  fall  of 
the  weii^ht  F,  placed  on  the  lever  D,  pivoted  at  E.  A  pulley 
at  K,  runs  over  the  surface  of  a  peculiarly  shaped  cog  on  the 
est.'upeiiient  wheel. 

liock.  Electric   Anniuictalor A   clock,  the 

liands  or  works  of  which,  at  certain  predetermined  times, 
make  electric  contacts  and  thus  ring  bells,  release  drops,  trace 

records,  etc. 

Clock,  Master The  controlling  clock  used  in  a 

system  of  time  telegraphy.     (See  Clocks^  Electric,) 

€lock-i¥ork  Feed  for  Arc  liamps.— Arrangements 
of  clock-work  for  obtaining  a  uniform  feed  motion  of  one  or 
both  i'loctrodcs  of  an  arc  lamp. 

Tbo  clock-work  is  automatically  thrown  into  or  out  of  action 
by  an  t»lectro-magnct,  usually  placed  in  a  shunt  circuit  around 
tlift  carbons. 

Clocks,  Secondary The  clocks  in  a  system  of 

time  telegnipby  that  are  controlled  by  the  master  clock. 
(See  Clocks,  Electric.) 

Clocks,  Self- Winding Clocks  that  at  regular 

intervals  arc  automatically  wound  by  the  ac*tion  of  a  small 
elvctro-nuignetic  motor  contained  in  the  clock. 

Closed  Circuit. — (See   Circuit,    Closed,    Completed  or 

Made.) 
Cloi«iire. — The  comi)letion  of  an  electric  circuit. 

ContlngM,  Condenser The  sheets  of  tin  foil  on 

opposite  sides  of  a  Loyden  Jar  or  condenser,  which  receive  the 
opposite  charges. 

Coatings,  metallic Coverings   or  coatings    of 

metals,  deposited  from  solutions  of  metallic  salts  by  the  action 
of  an  electric  current.    (See  Electro-Plating.) 
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C^ode,  Cipher A  code  in  which  a  number  of  words 

or  phrases  are  represented  by  single  words. 

The  message  thus  received  requires  the  possension  of  the 
key  to  render  it  intelligible. 

Code^  Teleyraplilc The  pre-arranged  signals  of 

any  system  of  telegraphy.  (See  Alphabet j  Telegraphu^ ;  MorsCy 
Continental,) 

Coefficient,  Alyel^rate A  number  prefixed  to 

any  quantity  to  indicate  how  many  times  that  quantity  is  to 
be  taken. 

The  number  3,  in  the  expression  3a,  is  a  coi^lficient  and  in- 
dicates that  the  a,  is  to  be  taken  three  times,  as  a  +  a  +  a  =  3tt. 

Coefficient^  Economic of  a  Dynamo 

Electric  machine. — The  ratio  between  the  electrical  en- 
crgj'  or  the  electrical  horse  power  developed  by  tlie  current 
produced  by  a  dynamo,  and  the  mechanical  horse  power  ex- 
pended in  driving  the  dynamo. 

The  Efficiency  may  be  the  Commervial  Efficiency,  which  is 
the  useful  or  available  energy  in  the  external  circuit  divided 
by  the  total  mechanical  energy  ;  or  it  may  !)e  the  Electrical 
Efficiency,  which  is  the  available  electrical  energy  divided  by 
the  total  electrical  energj*. 

The  Efficiency  of  Conversion  is  the  total  electrical  energy 
develoijed,  divided  by  the  total  mechanical  energj-  applied. 

If  M,  equals  the  mechanical  enei^gyi 
\V,  the  useful  or  available  electrical  energy,  and 
w,  the  electrical  energy  absorbed  by  the  machine,  and 
m,  the  Stray  Power,  or  the  i)0vver  lost  in  friction,  eddy 
currents,  air  friction,  etc.     Then,  since 

W               W 
Commercial  Efficiency -- =       —  = — 

^  M       W  +  ?r  +  m 

W 
Electrical  Efficiency = —  • 

W  +  iv 
Effiaency  of  CJonversion  =  - — ' —  —  ' 


M  w-fw  +  m 
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Coeflllcleiit,  EeoBoniic (See  Eamomic  Coeffir 

cient) 

Coefficient  of  Mavaelimallon,  or  Coeffldent  of 
Magnetic  IndueUon. — A  number  repreBentin^  the  inten- 
Bity  of  magnetization  produced  in  a  magnetiAble  body  as 
coiupared  with  the  intensity  of  magnetization  of  the  induc- 
ing body. 

A  magnetizable  body,  when  placed  in  a  magnetic  field,  con- 
centrates the  lines  of  magnetic  force  on  it,  or  causes  them  to 
run  through  it.  The  intensity  of  the  magnetization  so  pro- 
duced depends,  therefore, 

(1)  On  the  intensity  of  the  magnetizing  field. 

(2)  On  the  ability  of  the  metal  to  concentrate  the  lines  of 
forco  on  it,  that  ih,  on  the  nature  of  the  metal,  or,  on  its  mag- 
netic 2>crnic(ibility,    (See  Magnetic  PernwabUity,) 

The  intensity  of  magnetization  will  therefore  be  equal  to 
the  product  of  the  cootHcient  of  magnetization,  and  the  in- 
lonsity  of  the  magnetizing  field. 

The  coefficient  of  magnetization  of  paramagnetic  bodies  is 
said  to  be  i)ositivc ;  that  of  diamagnetic  bodies  to  be  negative 
because  the  former  concentrate  the  lines  of  magnetic  force  on 
tlieni,  and  tlie  latter  appear  to  repel  them.  (See  Paramag- 
netic,   Diamagnetic.) 

Coefficient  of  Matual  Induction.— A  quantity  rep- 
n«enting  the  relative  number  of  lines  of  magnetic  force 
which  each  of  two  neighboring  electric  circuits  induce  in  the 
other. 

Coefficients  of  Expansion.— The  fractional  increase 
in  its  dimensions  of  a  bar  or  rod  when  heated  from  32°  to 
;W"F.,  or  from  0°  to  1°  C. 

The  fractional  increase  in  its  length  is  chilled  the  Coefficient 
of  Linear  Expansion. 

The  fractional  increase  in  its  surface  is  called  the  Coefficient 
»f  Surface  Expansion, 
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Tlir  fiiL-tionu.!  innreasp  in  ils  voliiinp   i»  cjillfil  Ihp    CtHijfft- 
■  Mm!  of  Cubic  Krpa7i»ioH. 

CoeOlcleuis  of  Lliienr  KKpaiiHlon.— 

Gold _ 11.00001515:! 

Stee) ___ 0.000010073 

Mver O.0OO01BO96 

Copper __ 0.00001717.1 

Bram 0.000018783 

Tin 0.000018376 

Iron _ 0.0000123.50 

Flintgtass _ 0.0000081 1« 

Platinum O.OOOOOWIS 

Lend ___  0.00008M83 

ZiQC 0.00009M16 

(Laplave  and  Lavoigter), 
Coerelre,  or  C^oerclUvc  Force— The  power  of  resist- 
1 1ng  niagneltaation  or  demognetixution. 

Coerrirc  Poire  is  xoiuotimes  cnlloil  Magnrtir  Relentivity. 
SarAent'A  Hteol  |>OHsesstrs  groat  coi^rcive  [oivc ;  t.hiit  1h,  itis 
netuMl  or  detnaj^netixed  with  difficulty. 
tt  iron  possesxeti  very  teeble  coercivit  lorco. 
Mon  nccniint  of  tha  fnehlo  coercivo  force  of  the  soil  iron 
m'tro- magnet  Ihut  its  mniii  viilue  deii«nds,  Bini^ 
m  thnrprby  cniibled  to  rupidly  aoquirc  its  niiir;iietizat.lon,  on 
Wcomplntion  of  a,  battnry  circuit  tliroiigh  its  coils,  and  to 
Y  lose  iU  niaf^iioUzutiou,  on  the  Opening;  ut  thi'  dri'iiit. 

In,    Armiilarc (Sec  Dj/namo-Eleclric    Hfu- 

^•rtinM,  Arrimfure  CoiU.) 

Coll*,  Electric  '  — Convalutiomi  of  insulate^l  wir« 

nngii  whioh  iin  electrio  cTii-rent  niny  bo  )iaaa''d.     (See  Eler- 

ruber  of  si>piirate  induction 

>ntK  indiiivd  in  thi>  Horondiu-y 

■  caused  to  indiii.*e   ciirrenlR  in  the 
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BWODilary  wirp  cif  tlin  wefind  c«ll,  wiUi  whose  priniary  it  h 

A  series  d[  three  of  Hcnry'H  coils  is  shown  tn  Fig.  106i 
An  iiit«rmittenl  baltery  ciHTeiit  is  sent  into  a,  tlie  seooodfiry 
at  which,  b,  is  connected  with  the  pt-imtu-j'  e,  of  the  itecotu' 
coil.  The  secondiiry  d,  of  the  seeomi  coil,  IB  connected  will 
the  primary  e,  of  thp  thiril  coil,  anil  llin  currents  flntiUj  in 
duL-«l  in/,  lire  oni ploy wl  tor  any  tisr-fiil  purpose,  tnichnsthl 
nitignetimtion  of  a  Uur  of  iron  at  ff. 


Tlip  current  in  b  is  sometimes  callei)  li  Smmrlarji  Currtnt; 
that  inducRii  by  this  secondary  ciirrpnt  in  d  ]«  ciiiipJ  n  TV 
Uary  Current,  or  a  Current  of  thf  Third  Order;  timtin/, 
Cummt  of  the  Fourth  Order.   Henry  cwrrieti  Ih.'si-  suooraEdi 
inductions  up  to  currents  of  the  Srvenlh  Ordrr. 

Henrj-'B  coils  in  renlity  coni-ist  of  SHparatn  inductjon  wiOi 
connei:ted.  as  nhove  explained,  in  scries. 

In  Pig.  109,  the  tertinry  rurrnnt  induced  in  IV„  may  I 
'"■     "   ■>  gire   sliocks  tii  a  pei->^n  ^i-a^pirji;  the  liandUs 


WOKIM.  TERMS  AHD  PmUSW. 

CoUii,  InducllAD (See  tnductiim  Cirih.) 

Cirilft,  nnsncl (See  Magnet  Coila. } 

ColU,  R««liilani>o Coil»  or  wire,  tbe  electrical 

re-isUm  ■•  of  wliidi  is  known,  employed  (or  nieaaiiring'  the  I'l-- 

•■mlftnce  ot  uny  cin-iiil. 
Id  urdiT  t<i  avoid  tli«  ina^;' 

"•'tiling  ftteclMot  tlipcoils  on 

Uif  necdl^tt  ot  th«  ^1 VI 

"wnte,  (he   wire  of  the   rc- 
'i^tanoe  coil   is  iloiibleil   on 
ilwrif  Iwrorc  betn^  won  nil, 
■■"111  ib  fin<l«  nleirtrii-ally  con- 
nulfd  with  the  brass  bars, 
E.E.Fig.110.    Thoinsei-tion 
"'  lli«  jiliig-lwy  cutK  llie  coil 
""tnt  llie  i-irmil  by  sharU 
i-ifpujting.     (Sod   fliw.    RnUtm 
fMOrie,    Stitndnrd  Hettitliinr^  Cri 
TlipiToils  un-  niiiclp  of  Oormnn  s 
'"•"lance  i»  nol  iniif.li  affei'ti?!)  by  tieial. 

(^11*.  ftliunl Ciiils  placed  i 

'■'^Uil.  (Sen  Cin-uil,  Shunt.) 
K^^alleMttn  or  Dynamo  Eloclrlc  IMachlnca.—Thi- 
"Ic  brushes  thiit  rpst  on  the  cnmmMlalor  cylinder,  and 
TTOirUteoiirrnnt  genorftloil  on  the  roiAtion  ot  the  arniu- 
CalliwtorB  lire  rotnlliarly  calli'd  commutators. 

,   EIC(Ttrl<*. — Devices  employed  to  follrct   or 
M  off  dectriuity  from  a  moving  clectriu  son  rcc. 
Rll«clor«  nr   Frlctlonnl  Elortrlr   naPhineH.— 
H>mctullii'  ik-inl-i  that  i-olli'cl  l.liecharKe  from  the  glass  plate 
^t^lindor  of  n  rricliouul  iiteclric  rnachinc. 

M,  Elerirlr A  term  formerly  applied  to  a 

icpUP.     iSeei'i/f,   Vullaic.) 


ml) 


\Vh.-iit»lom 


■   pltilinoid.  who 
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completed  C^realt.— (Bee  Cirvua,  Cbted,  CoMpWador 

Made.) 

Commcrebd  EfBrteBcy  of  Drmamo.— Th«  lueful  or 
available  electrical  energ;  id  the  external  circuit,  divided  b]r 
Uio  total  mechanical  energy  required  to  drive  the  dynamo 
l)i:it  prodiieod  it.    (See  Coe^iient,  Eeonomic,  of  Dynamo.) 

ComBiUlKlar,— Generally,  u  device  for  changing  the  di- 
rection of  an  electric  current; 


Tliat  ]iart  of  a  dynamo-electric  ni 
rcntfl  that  alternate  or  change  their  direction  twice  in  every 
revolution  ol  the  armature,  between  a  pair  ol  magrnot  poles, 
to  How  in  one  and  the  fiame  direction  in  the  cxtcmot  <'irciiit. 

One  end  of  an  armature  coil  is  connected 

with  A',  Fig,  111,  anil  the  other  with  A. 

The  hrusiies  arc  so  net  tliat  A  &nd  A'  are 

in  o«nt,'»ct  with  B'  and  B,  respectively,  as 

long  aa  the  current  llon-a   in   the   Mune 

direction,  in  the  armature  coil  connected 

therewith,  but  entPr  into  contact  with  B 

and  B',  wiien  the  current  changes  its  di- 

Fig,  III,  rection,  and  continue  in  such  conla<^t  ns 

Ion;,'  HH  it  floWH  in  this  direction.     The  current  will  therefore 

Jimp  through  any  circnit  eotmected  loiik  the  brtuhf.H  in  one 

and  thu  aame  ronitant  direction. 

Thr  numliei-  ot  uietiiUie  pieces  A  and  A',  in  tlie  commutator 
cglinih-r  depi'iids  on  tlie  numt>er,  urrangemcnl  and  con- 
nection of  the  ai'matnrc  coils,  and  on  the  diHposition  of  the 
mtigneticjiel'l  of  liie  machine. 

For  di^tiiU  oi  various  commutatora  of  this  deacription,  8ee 
Dffnaiito-Etivlrir  Mnchtncs. 

The  Rnvcmer  usi-d  by  KiihiiikorIT  in  liis   induction  coil,  for 

cultin>;oir,  oi'  for  iwrraing  tlic  dii-ection  of  tlie  jiriiruiry  currml 

is  shown  in  Fig.  1 13,  and  was  cnllnil  by  him  the  eontmulator, 

(See  Ruhmkorff  Coil.) 

Two  metallic  strips,  T  V,  supported  on  a  cylinder  of  iaaa- 
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[  malni>]  ftre  in  contact  with  tho  Imftei?  to'tninals  P 
nii^i  Iwo  verttc&i  springs  Uiftl  bear  on  tUein.  Oa  u 
K  rtfUilon  of  Ui«  c^liiuler  by  (he  Diiimb  screw  L,  the  slj'lpa 
^~ .  cluuig«  ]ilac«s  iM  rp^f^rds  thi*  vprtinki  R|ii'mgK,  luitl  tliua 
w  Uk  dlrectioci  of  (lii;  liutl«t-,v  ciirrenl. 


fvinpiiMi,  Azimuill,  or  narlner'i A  mtupaas 

'''"il  l>y  iiim'ini-rs  for  meusurinn:  Ihp  liorizonloi  UiBtanee  ot  the 
'""  'ir  itiii-H  frnm  the  inagn^tiii  meiniiian.     (Spb  Azimuth, 

^'in^lcntngnetic  neeille,  or  several  magnetic  neeiHes,  aiv 

''l^"l  Wil.'  Iiy  kIiIc  on  the  lowci'  surfiice  of  n  canl,  I'ltlleil  the 

"'('■■■     rn/.     Thi»  card   is  ilivfdeil   into   Mm   tour  vardinal 

^.  I!  und  W.  UD<)  thesi!  a^in  Buli-diviLled  in  Uiiriy- 

i-.illwl  Rhumb*. 

jiiiiuUt  tronipuas  th<wi>  divinionH   lire   KUjiplemented 

r  division  into  degrees. 


1« 


▲  DIOnON ABT  or  maCTRIOAL 


A  form  of  azimuth  oompam  is  shown  in  Fig.  118.  In  order 
to  maiatain  the  ooropnes  box  in  a  horizontal  position,  despite 
the  rolling  of  the  ship,  the  box,  A  B,  is  suspended  in 
the  larger  box,  P  Q,  on  two  concentric  metallic  circles,  C  D, 

and  E  F,  pivoted  on 
two  horizontal  axes 
at  right  angles  to 
each  other ;  or,  as  it 
is  technicaUy  term- 
ed, in  Oimbals. 
Sights,  G  H,  are 
provided  for  meas- 
uring the  magnetic 
azimuth  of  any  ob- 
ject. 

Compass  Card. 

—{See  Compass,  Az- 
Fig.  lis.  imuth.) 

Compensating  THagneU— {See  Magnet,  Compensating.) 

Component,  Horizontal  and  Ter- 
tical,   of   Earth's  Magnetism.— That 

portion  of  the  earth's  directive  force  which 
acts  in  a  horizontal  direction. 

Let  A  B,  Fig.  114,  represent  the  direction 
and  magnitude  of  the  earth's  magnetic  field 
on  a  magnetic  needle.    The  magnetic  force 
will  lie  in  the  plane  of  the  magnetic  meridian, 
which  will  be  assumed  to  be  the  plane  of  the    j 
paper  CAD.    The  earth's  field,  A  B,  can  be   j 
resolved  into  two  components,  A  D,  the  hori- 
zontal   component,    and  A  C,  the  vertical   ° 
component. 

In  the  case  of  a  magnetic  needle,  which,  like  the  ordinary 
compass  needle,  is  free  to  move  in  a  horizontal  plane  only,  th€| 


Fig.  Ilk. 
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Mini  component  alone  Uirecta  the  needle.  When  Ihe 
^b>  is  free  tn  move  in  a  vertical  plane,  and  the  |>laue  cor 
III  Iliiit  at  the  iuagneti<;  meridian,  tliiti  enlire  inag- 
:  force,  A  B.  new  lo  plan!  the  needle,  BupiM>Hi'd  to  he 
pvrlj  bal&iK^-il,  in  the  direction  uF  tlie  lines  of  toivQ  oF  the 
'»  ntA^neLU'  tield  at  Itiut  point.  In  llie  vertiuU  plane  al 
pluiglailoUie  plane  of  the  mii^etio  meridian,  the  ver- 
nomponnnt  alone  acts,  and   the  needle  points  vertii'ally 

■i|M>ttenlii.— The   two   or   more   separate   forces   into 

h  any  single  fori*  may  be  resiolved  ;   or,  eonversely.  the 

^rale   (orces  which  toRelher  produce  any  smgle  resulting: 


^b•■n  two  or  more  foivea    simultancoualy  act  to  produce 

a  body.  Uie  body  will  move  Willi  a  given  force  in  a 

B  dirfiption  called  thu  remtltant.     The  separate  Forces,  or 

M  of  rootion.  are  called  the  componenta. 
a  forccK  ailing  HimultaneoiiHly  on  a  liody  al  A,  Fig.  llfl, 
tiling  to  move  it  in  the  direction  of  Ihe  arrows,  along  A  B 
I  A  C,  with  intcnsi- 
a  imipurtionetl  in  ihc 
f  of  thc!  lines  A  B 
1  A  C.  rna|)eclively. 
n  noT<-  It  in  the  diree- 
I  A  l>,  nbtuincd  by 
hlirjng  B  r>  and  n  C. 
Itllel  to  A  C  and  A  B. 
ictively,  and  di'aw- 
ifA  D  tbrough  llie  jKiint  oF  intersection,  D.  This  is  called 
■  thmjiontiim  if  Fotwh.  A  D  is  the  resultant  force  and 
A  B  ami  A  <■  lire  its  components. 

f'onrortiety.  a  Mingle  force,  aii^jng  in  the  direction  oF  P  B, 
y'e-  "6.  ogainiit  a  BiirFace.  B  (!,  may  be  regarded  as  the 
ilfif  thntwfKieparatd  forcea,  DE  and  Dr,  one  parallel 
be  Bi  tutil  oue  iH-rjM^ndicular  to   it,     1)  E,  being  parallel  to 


148 


▲  monovABY  or  kliotbiciaIi 


C  B,  produces  no  pressure,  and  the  absduie  effect  of  the  foroe 

B E  ^''^1  ^  represented   by 

^     CD. 

This  Is  called  the  reso- 
luHon  offoree9f  the  force, 
D  B,  being  resolved  into 
the  components  DEand 
DC. 

That  component  of  the 
Fig.  tie,  earth's   magnetic    force 

which  acts  in  a  horizontai,or  in  a  vertical  direction  respectively. 

CJompound,  Blnarjr CJoMpovM^   Ckatter- 

ton't. — A  compound  for  cementing  'together  the  alternate 
coatings  of  gutta-percha  employed  on  a  cable  conductor,  or 
for  filling  up  the  spaces  between  the  strand  conductors.    (See 
Binary  Compound.) 
The  composition  is  as  follows : 

Stockholm  tar 1  part  by  weight. 

Resin 1 

Gutta-percha 3  "'.,, 

{Clark  <fc  JSabine,) 

Compound,  €lark's.— A  compound  for  the  outer  casing 
of  the  sheath  of  submarine  cables.  » 

Its  composition  is  as  follows : 

Mineral  pitch Co  parts  by  weight. 

Silicii 30 

Tar w 6  " 

{Clark  A  Sabine,) 

Compound  niafpict.— (See  Magnet,  Compound.) 

Compound  Winding  of  Dynamo-Eleclrie  Ma- 
chines.— A  method  of  winding  in  which  shuat  and  series 
coils  are  placed  on  the  field  magnets.  (See  Dymama-JSZec^rto 
Machines,) 
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moenirlc    Carbon     Elevtrodo*.— (Suu     Curbotin, 

»er(»r  Acoumulular.— AdovJoeriirinu-bUNinf^ 

of  nn  insululod  coaduutoi*  by  bringing  it  ni'iir 

r  itiBiilaUH)  i«irUi-c»rim!i;teil  conductor,  but  »i"iHimti'd 

nitbf  A  medium  that  will  r&-ulilf  permit  inilucliou  to 

e  plam  through  its  mass. 

[  ttuE  oondiictor  A,  Tig,  1 17,  etanding  alon>>  unil  si.-|iara.ti'il 
B  otlwr  coiiduct«ra,  be  conneoted  with  un  ckalric  wachiac, 
re  only  a  very  small  charge. 


t,  iiowover.  It  liu  [itiu^ud  iiuor  C,  but  separateil  [rum  it  by  a 
'HHe,  B»cli  us  M  (ilat«  of  plaas  B,  and  C  be  conneoti-'d  witli 
1  will  receive  a  much  greater  uliarge,  (Bee  Die- 
ts.) 

«,  for  exumple,  that  A  be  connected  with  the  pusi- 
[luctor  of  a  trictional  electric  machine;  it  will  by 
I  produee  it  negutjve  uhM'gB  tu  the  eturracc  of  U, 
t  H,  and  rcp^l  a  positive  charge  to  the  earth,  The 
»of  tlttne  twouppoHitficliarj^onthe  opposed  surf uci.'s 
I  C  {iroducM  a  nuutniUzution  tluit  permit:)  A  lu 
1  fnwb  ohurgu  from  the   machinu.      (See  hduetum, 

e  In  a  condensur  in  reality  resides  on  tliu  iijijiositii 


0 

1    a 

■ 

A 

b 

a 

b 

a 

Tiio  capouit^  ui  «  «i 
ured  in  microfarads  (S( 

®       In  praclice  condeiLHcrs 

of  tin  foil,  </,  (/,  //,  ?>,  I 
Fig.  lis.  A  and  H,  rcspi'ctivi*) y,  ii 

one  another  by  sheets  of  oiled  silk,  or  tli 

Conducting  Power,  Order  or.— Th 
length  and  area  of  cross  section  of  a  sul 
electricity,  as  compared  with  an  equal  len<j:t 
section  of  some  other  substance,  such  as  pu 

No  substance  is  known  that  does  not  off 
to  the  passai^e  of  an  electric  current. 

The  following  table  is  taken  from  8ylva 
.«  Elementary  Lessons  in  EUectricity  and  M 
Silver 1 

otf^metois:::::::;::::::::  [  ^^^ 

Charcoal J 

Water. ] 

The  human  body ( 

Cotton Iv,    4 

Dry  wood p*"*' 

Marble 

Paper 

Oils j 


— 1. 


Nidii«Uv»  Dhchnrg«.— (!^|» 
VdlHrtar,    Anl»otrwpi«    — 


Uinrkurge,  CtmHuciive.) 
— (See     AnUolropic 


fendut-lor,  Anll-lndut-llon (See  Attti-tHdac- 

i  C.mituctor. 

t'*ndii<-«ir,  Cu^Jugute "  In  a  syatt-ni  ut 

ri-AT  iMitdticlors,  any  pair  of  mmliiulors  uro  said  lo  lie  rua- 
i\tetif  lo  uuu  sviiollii^r  wliua  a  vuriatiou  of  llm  r'Hsisl initio 
e  G.  U.  F.  Ill  I.L<-'  <'iie  uaiiKus  no  vArialiua  in  lliu  current 
other."    iDruuyli.) 

AdacCor*.    Iiolroplc (.See    hotropU:     Con- 

> 

daoWn. — Sulistanccs  which  will  [>eittiit  lhi.>  passage 
Iric  ciirnuit  tlirough  them. 

rnt  is  oppoaet)  to  noK-conduetwe,  ur  tliuse  wliiidi  will 
:t  tli^  pUMsage  of  an  electric  current  throM|,'h  them. 

•idntt,  Elevlric,  tTnderground A  ispiu:c  ur 

r  the  reception  of  electric  wires  or  ciibles.     [See  Sub- 


lerrMlOB  of  Enerttr. — Tim  imli^lructiliility  uf  e 


tl  quantity  at  energy  in  the  universe  la  unulterabte, 
d  ex^tgy  u(  tlie  iiDiverse  is  not,  however,  available 
le  prodpi-tion  ot  useful  work  for  niitn. 
n  Misrgy  ilisn|)pr:iirs  in  one  fomi  it.  reappears  in  some 
orm.  Ttiiv  iH  callsid  the  eorrelatwti  or  eonnvriralion  of 
.  Tbf!  ootnmoneat  form  in  wliirli  energy  n^rippeurs  in 
itUidlnthis  rase  some  of  the  heat  is  lost  to  the  cnrth  by 
Tliia  iltgrtulatioit,  or  di»gijintion  of  energy  causes 
i(  the  narr^y  of  tlie  earth  to  buooine  nun-avuUabie  lo 

r  ia  Uwn-fore  avatinbl^  aud  non^vaiiable.    tSee  Kn- 
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Consequent  Magnet  Poles.— The  name  given  to  the 
magnetic  poles  formed  by  two  free  N.  poles  or  two  free  S. 
poles  placed  together.    (See  Anotnalous  Magnets.) 

Contact  Electricity.— Electricity  produced  by  the  mere 
contact  of  dissimilar  metals. 

The  mere  contact  of  two  dissimilar  metals  results  in  the  pro- 
duction of  opposite  electrical  charges  on  their  opposed  sur- 
faces, or  in  a  difference  of  electric  potential  between  these 
surfaces.  The  mere  contact  of  dissimilar  metals  cannot 
produce  a  constant  electric  current.  An  electric  current 
possesses  kinetic  energy.  To  produce  a  constant  electric  cur- 
rent, therefore,  energy  must  be  expended.  In  the  voltaic  pile 
though  the  contact  of  dissimilar  metals  produces  a  difference 
of  potential,  yet  the  cause  of  the  current  is  to  be  found  in 
chemical  action.    (See  Cell,  Voltaic.) 

Contact-Series. — A  series  of  metals  arranged  in  such  an 
order  that  each  becomes  positively  electrified  by  contact  with 
the  one  that  follows  it. 

The  contact  values  of  some  metals,  according  to  Ayrton 
and  Perry,  are  as  follows  : 

Contact-Series. 

Difference  of  Potential  in  Volts. 

Zinc )  .,.^ 

Lead ) -1" 

Lead )  ^^^ 

Tin J ^^ 

Tin )  „.., 

Iron ) '^^'^ 

Iron }  ..^ 

Copper \-- ^*" 

Copper I  ,,^ 

Platmum f -^ 

Platinum )  --o 

Carbon ) ^^^ 
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The  (liBereiice  or  |Kitt>[itial  between  zinc  and  t-iU'bon  in  eqiuil 
1.IIS9,  unil  is  obtained  by  aildin^  tlie  Biiccesuvc  dilTeroncoa 
betw-eii  llR-m. 

Tliisfai.-t  ta  known  lei:bnically  us  Volta's  liili'',  wliicli  may  lie 
(onnulated  as  folluwa : 

ThedifferentMof  ]n>tentinlj>rodufed  by  Ute  contwi  af  uiij/ 
IvontWuIs  IS  equal  tit  the  gun  of  the  differemXf  of  potcnliala 
pri  the  inlcrvrning  vutlaU  in  the  contact  aiirUt. 

Guniacl  Tlioorj'  ot  Toltttit-  Cell.— (See  C'«tf,  Vol- 
fmV.  1 

Coiiiacls. — A  vai-irty  of  faiills  occasioned  l>y  the  accidental 
contact  of  a  circuit  with  any  ivaducting  body. 

Contacts  of  this  character  are  of  the  following  varicll'.'s, 
Vis.; 

\Vi  F*h//,  or  dfeta'hV,  as  when  the  circuit  iaaccidcntallypliiceil 
in  Rnii  ranueclion  with  unotlier  metallic  circuit. 

(2)  Partial,  as  by  imperfect  conductors  being  placed  uci-osa 
,  or  luid  earths,  or  defective  insulation. 

(3)  Inter mittent,   oa   by  occuaionul    contacts    of    swinging 

Coniroclnrei. — In  electro- tlieiiipeiitica,  a  prolonged  in  ii»- 
cultu-  spiuiu,  or  tetanus,  caused  by  the  passage  or  an  electric 
CurriMil. 

ConlrolUng  C'lorkH,  Elevliir In  a  system  of 

luae  ti>le^i-ii|ihy.  Ilif  antst).'!-  clock,  whose  impiilaos  move  or 
ngulule  the  iseeonilarj-  clocks.    (See  Clockn,  Electric.) 

Controlled  Clocka,  Glectrically In  a  system 

(i(tinieleli?grii|ihy,  thesei^ondary  cloi^kn.  that  are  either  clrivi.'[i 
«  cuDtrolled  by  the  master  clock.    (See  Clock»,  Electric.) 

CoiiTerlloii,  ElecUic ;  Convection  Strcamn. 

-ThM  air  partiL'les,  or  air  streams,  that  are  thrown  olt  from 
tlw  p")iat<Ml  ends  of  a  charged,  insiilated  conductor. 

OoDTwUon  streame,  like  currents  llowing  through  condiict- 
niiKtuuignclically,  and  are  aot«d  on  themselves  by  mag- 
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nets.    The  same  thing  is  true  of  tho  brush  dischaA^  of  tfaa 
voltaic  arc,  and  of  convective  discharges  in  vacuum  tubes. 

Convection,  Electroljrtlc-^^—  —A  term  proposed  by 
llehnholtz  to  explain  the  apparent  conduction  of  electricity 
by  an  electrolyte,  without  consequent  decomposition. 

Ui'linholtz  assumes  that  molecules  of  oxygen  or  hydrogen, 
adhei'in^  to  the  electrodes  during  electrolysis,  are  mcclian- 
ically  dislodged  and  diffused  tlirough  the  liquid,  thus  car- 
ryin^j:  off  the  electricity  by  the  charges  received  by  them  while 
in  contact  with  the  electrodes. 

CoHTOCtion  of  Heat,  Eleetrie A  distribution 

of  heat  during  the  passage  of  a  current  through  an  unequally 
heated  conductor. 

If  the  central  portions  of  a  metallic  bar  arc  heated,  the  curve 
of  heat  distribution  is  symmetrical.  On  sending  an  electric 
current  through  the  wire  it  is  heated  according  to  Joule's  law, 
and  tho  curve  of  heat  distribution  is  still  symmetrical.  But 
the  current  in  piussing  from  the  colder  to  the  hotter  parts  of 
the  wire  produces  an  iulditional  heating  effect  at  this  point, 
and  ill  passing  from  the  warmer  to  the  colder  parts  of  the 
wire,  produces  a  cooling  effect.  (See  Effect^  Peltier.  Effect, 
Thomson.)  The  curve  of  heat  distribution  is  then  no  longer 
synunf^trical.  The  term  the  ElectriciU  Convection  of  Heat 
has  been  given  to  the  dissymmetrical  distribution  of  heat  so 
effected. 

Sir  Wni.  Thomson,  who  studied  these  effects,  found  that 
the  elect rical  convection  of  heat  in  copper  takes  place  in  tho 
opposite  direction  to  that  in  iron ;  that  is  to  say,  the  electrical 
conviMrtion  of  heat  is  negative  in  iron,  (/.  c,  the  direction  is 
opposite  to  that  of  the  current)  and  positive  in  copi>ep. 

Convective  Discharge. — (See  Discharge,  Convective,) 

Converter,  or  Transformer, — The  inverted  induction 
coil  employed  in  systems  of  distribution  by  means  of  alternat- 
ing currents. 


Ilg,  ta. 
kt  prevent  heating  and  loss  of  energy  i 

te  Utorotighlf   liLiuiaated.      To    lower  the    magDetic 
■converter  is  iran-clod. 

I  of  electrical  dJHtrihiition  by  means  of  trans- 
1)  alternutiiiig'  currents,  of  sniiill  volume  and  compuro- 
■ablo  (lilTGrciice  of  potentiiil.  are  sent  over  a  line 
&  distant  Htetion,  and  passio);  into  the  primary  wire  of  a 
ivorlere,  gpnerally  connt'Cleii  to  the  line  in  mul- 
■cproUuco.  by  indiK-tiun,  »Turrent«  of  <'oinpaniLively  Iwge 
t  Mid  sniall  dilTerciiiH)  of  iiotcntliU  in  the  secondnry 
Varloiw  electro-reoeirtive  devices  are  connected  in 
c  with  Ihe  Bucoadtiry  wii-e». 


This  method  of  distribution  greatlf  reduon  the  cost  of  lh« 
main  uonducti US'  wires  or  leads  in  certeia  OMes,unoeooiuld«r- 
able  energy  may  be  cwnTenienUy  sent  over  a  comparatively 
thia  wire,  if  the  diflereaoe  of  potonlial  is  sufficiently  great. 

Tlie  g«Dentl  turangoment  of  the  ooaTertors  on  the  main 
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line,  and  tiie  connection  of  tliv  secondary  circuits  with  the 
electro-reueptive  duviee  in  suuli  a  system,  is  shown  in 
Fig.  130,  The  converters  aw  support«d  on  the  line  poles, 
as  more  clearly  shown  in  Fig.  131,  in  which  the  lermi- 
nuls  of  the  primary  and  secondary  of  the  converter  are  readily 

Wiicn  the  converter  is  properly  constructed  the  loss  of 
conversion  Ik  but  small  at  full  loud;  that  is  to  say,  the  watts  in 
the  secoDilary  are  very  nearly  equal  to  those  in  the  primary. 
A  current  of  10  amp^rcn,  at  3000  volts,  when  passed  into  a 
converti»r,  the  number  of  whose  turns  in  the  primary  is  twenty 
times  the  numbor  in  its  sefondary,  will  produce  in  its  sec- 
ondary, a  current  of  300  amperes  at  about  100  volts.  Here, 
the  number  of  watts  in  the  two  cases  is  exactiy  the  same, 
pr  theoretically  30,000  watta.    In  reali^,  it  is  souMwfaat 
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nlllfBOO- 

Iho 

IK  number 

tttUTDB,  tlie  gre&U 

Ytelhc  reducUon 

«  dUTereni.-e  of 

ntial,  aiiil  tlie 

ittu-  » the  cur. 

it  produTpd. 

J*Ihe  axes  of  ab- 

Tlw  IwoBtraight 
linw,  p(>rp<>ndi('ii- 
lur  In  pai-h  other, 
'offhii'li  diBtani^fs 
rtpTiwnting  vnl-  flg-in. 

0"»rereferwil  for  the  prnpliie  reprpspntiilion  of  such  values. 
'Sw  .'IbwiaiKin.  .-1j-«o/.) 

topper  Balh.— (Ree  Hitllix,  Cojiper.  rlr.) 

CordM,  Rlet'lrlr FlcJtiljle.  insuliited  ebitric  eon- 

Jwtut^gvnorally  cuDUuninKall^nst  Iwoj'iiraltpl  wives. 

Tlifiy  ur<?  iiiunfd  from  the  pm-puHeit  ttii-  whieli  Ihev  are  eni- 
p'oj'd.  Iiattery  mrda,  divinl  forda,  lamp  eoriU,  iitolor  eortla, 
"Ihh  mriin,  ftc. 

Care  at  CHble.— The  i;onductin^  wires   of  an    e1ei>tnV 
aiili-,    (.So-  C'lhle.  Elfctric.) 
Care  RalUi  off^ble,— Tlio  I'atio  between  the  diiinieter 
I 'Of  Uiia  jiuiallitor  of  i\  eable  and   l.tie   inetiri  dianider  at  the 
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The  core  ratio  Is  represeiiied  1^  j-  ;  where  D»  is  the  diam« 

eter  of  the  insulator,  and  d,  the  mean  diameter  of  the  strand. 
Should  the  extreme  diamet^  of  Uie  strand  of  a  cable  be  used 
in  calculations  for  insulation  resistance,  inductive  capacity, 
etc.,  erroneous  values  would  be  obtained.  The  measured 
diameter  of  the  copper  conductor  is  consequently  decreased 
some  Ave  per  cent  by  means  of  which  the  correct  values  are 
approximately  given,    (Clark  &  Sabine.) 

Cored  C;aHio]is.^(See  CarboHB,  Cored,) 
Cores,  Armature ^See  Armature  Cores,) 

Cores,  Armafnre,  Tentllatloii  of Means  for 

the  passage  of  fluids,  such  as  air  through  the  armature  cores 
of  dynamo-electric  machines  so  as  to  prevent  the  undue  ac- 
cumulation of  heat. 

A  properly  proportioned  dynamo-armature  should  need  no 
ventilation,  since  in  such  the  amount  of  heat  generated  is 
small  as  compared  with  the  extent  of  the  radiating  surfai^. 

Cores,  l«aiiilnatioii  of Structural  subdivisions  of 

the  cores  of  magnets,  armatures,  and  pole  pieces  of  dynamo- 
electric  machines,  electric  motors,  or  similar  apparatus,  in 
order  to  prevent  heating  and  subsequent  loss  of  energy  from 
the  ])roduction  of  local,  eddy  or  Foucault  ctirrents. 

These  laminations  {xi*e  obtained  b}'  forming  the  cores  of 
sheets,  rods,  plates,  or  wires  of  iron  insulated  from  one 
another. 

The  cores  of  armatures  should  be  divided  in  planes  at  right 
angles  to  the  armature  coils  ;  or  in  planes  parallel  to  the  di- 
rection of  the  lines  of  force  and  to  the  motion  of  the  arma- 
ture ;  or  in  general,  in  planes  peqiendicular  to  the  currents 
that  would  otherwise  be  generated  in  them. 

Pole  pieces  should  be  divided  in  planes  perpendicular  to 
the  direction  of  the  currents  in  the  armature  wires. 


'B  shoiiltl  be  itivided  in  plani^s  at  ri^lil.  nugk's  t^i 
■  tnagn^tisini;  I'urrent. 

sine. — (5ne  or    (lifl    trij-ononiPtrJc'al    timctioiis.     (See 
tttry.) 

nil — OriPoftlii*  LriKOaoiiietriL'iil  timet  ions.    {Soi? 
etrj,.) 
lb. — Tlii>  unit  i>f  olertricol  qudiititj-. 
m  dplldlte  (iiiAntity  or  amount  at  the  thing  or  effect  callod 
'itlricity. 

ktoh  n  quantity  of  electricity  as  would  pass  in  one  ttpcond 
h  drciiit  who*m  rexuilance  is  one  ohm,  under  an  e!ectro-mtj- 
■/ww  of  one  lyrff, 

II"  qtuLntJty  tit  electricity  containcMi  in  a  condenser  of  one 
tilcipacftv.  ivlimn  subjecteil  to  nn  flBctro-motive  fori*  of 

nil-Toll.— A  Joule,  or, 7373  Toot  jiound. 
V  term  la   gi-nerally  written    voli-toiilomb.    (See    Volt- 

Hinter-Electrt^noilve  Force— An  opposed  or  re- 
t  tUrtrth-'m'ttife  farce    |)i-i>duccd    in  an   electric  source, 
h  tnniU  U)  itrortiiee  h  ciin-ent  in  tlie  opposite  direction  to 
U  regularly  [iroduced  by  liie  soun-p, 

\  an  alactric  motor,  an  electi'o-niol.ive  force  contrary  to 
•  prodtiCMi  by  the  cnri-eiit  which  drives  the  motor,  and 
'h  Is  imiportional  to  the  velocity  attained  by  the  motor. 
intirr-i-Irctro-niotive  (oree  acts  to  diminish  the  current  in 
f  Mime  nianiier  aw  a  re«iatanoe  would,  and  is  thcreron- 
■  tnlkd  the  tpiirioua  n^aistance  in  order  to  distiii- 
A  it  form  tlin  tihmie  or  true  mmitance. 

o-motiiK   Iorc«   is   sometimes    e;q>res!;ed    iu 
h  it  in  not  true  vhmie  resistance.    (See  Spurioun 
»•) 

P  eqBitW'-dwitrivni olive  force  of  a  voltaic  Imltcrj'  in  riu* 
mfmlarimatbm  of  the  cells.     Since  tliirt  fun-e  is  due  to  tht 
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current  in  the  cell,  it  can  never  exceed  sudi  current  or  reverse 
its  direction.  It  may,  however,  equal  it  and  thus  stop  its 
flow.    (See  Polarizaiion  of  Voltaic  CeH) 

In  a  storage  ceU,  the  charging  current  produces  an  electro- 
motive force  counter  to  itself,  which,  as  in  a  motor,  is  a  true 
measure  of  the  energy  stored  in  the  cell.  Economy  requires 
that  the  electro-motive  force  of  the  charging  current  should 
be  as  little  greater  as  possible  than  that  of  the  counter-electro- 
motive force  of  the  cell  it  is  charging. 

In  a  voltaic  arc  a  counter-electro-motive  force  is  set  up  by 
polarization. 

Counters,  Electric Various  devices  for  count- 
ing and  registering  such  quantities  as  the  number  of  fares 
collected,  gallons  of  wator  pumped,  sheets  of  paper  printed, 
revolutions  of  an  engine  per  second,  votes  polled,  etc. 

Various  electric  devic€»s  are  employed 
for  this  pur})ose.  They  are,  generally, 
electro-magnetic  in  character. 

Couple. — In  mechanics,  two  equal 
parallel  forces  acting  in  opposite  direc- 
tions and  tending  to  cause  rotation. 

The  inmnent,  or  effective  power  of  a 
couple^  is  equal  to  the  intensity  of  one  of 
the  forces  multiplied  by  the  perpendicular 
distance  between  the  directions  of  the  two  forces. 

Couple,  Magnetic; The  couple  which  tends  to 

turn  a  magnetic  needle,  pla<*ed  in  the  earth^s  field,  into  the 
plane  of  the  magnetic  meridian. 

If  a  magnetic  needle  is  in  any  other  position  than  in  the 
magnetic  meridian,  there  will  be  two  parallel  and  equal 
forces  acting  at  A  and  B,  Fig.  133»  in  the  directions  shown  by 
the  arrows.  Th<»ir  effect  will  be  to  rotate  the  needle  until  it 
comes  to  rest  in  the  magnetic  meridian  N  S. 

The  total  force  acting  on  either  pole  of  a  needle  free  to 
move  in  any  direction  is  equal  to  the  strength  of  that  pole 
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ttipUed  by  the  total  intensity  of  the  earth's l^flelil  at  Ihat 

place,  or,   if  tree  to  move  in  a  horizontal  direction  only,  is 

pqiuiJ  til  the  intensity  at  the  earth's  boriKontal  coitipooeat  o[ 

niagnriism  at  the  placo  al  which  the  neeille  ifl  situated,  multi- 

^dwd  by  the  streogth  of  that  pole. 

^BSbe  effttcLive  power  or  nionient  of  the  magnetic  couple  is 
^^Wal  to  th«i  rorc«  exerted  on  one  of  the  poles  multiplied  by 
^^Bl  perpendiL'Ular  distance,  P  Q,  betwi^en  their  direi-tions. 

r»itpl<>,   Thcrmo-Eloclrlc Any  two  dissiiui- 

Ur  mi-Isls  wliicli.  when  connected  at  (heir  ends  only,  will 
jirojiire  an  electric  current  when  one  set  of  enda  is  heated 
iiiurv  tiloii  the  other. 

t'ouptu.    Voltaic The  two  plates  of  diSHimllar 

uirlal»,  or  other  siibBtances  in  a  voltaii^  hattery  which  urt; 
iiiiinjlsvU  in  the  liquiil  of  the  celt,  as  for  example,  the  lanu 
'111]  Gspjier  platw  of  the  sunple  voltaic  cell. 

All  voltaic  cella  have  two  metals,  or  a  nietai  and  a  nietal- 
1'>|>I,  nr  two  gnai^niis  or  liquid  substances  which  are  of  Ktich  a 
Imrnetrr  tlkal,  when  dip(>ed  into  the  battery  solution,  one 
"ily  i*  chemically  act*d  on. 
F«di  of  thMA  substances  is  called  an  element  ol  the  cell, 
"id  tliii  two  taken  collectively  form  a  voltaic  couple. 

Tho  H^iiientti  of  a  voltaic  couple  may  consist  of  two  gases 
''rlwoliiiuids,  (.See  Oat  Battery.) 
t^npllng  of  Voltaic  Cell*  or  Other  Electric 
».— A  l*rm  iodloatinK  the  manner  in  which  a  niim- 
''t-|uirat«  elei'lric  sources  are  connected  so  as  to  form  a 
KJurcc  (See  Circuifs,  VarUtiesof.) 
C,  Pv— A  contraction  frequently  used  for  candle  power. 
""•  CantUf,  Standard.) 

Iter  la  Poiltlve  Curbon.— The  depression  at  the 
*  pusitjve  i5irbon  which  uppeam  when  a  voltaic  arc  ia 
Arc,  Voltaic.) 
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CrecMOCtiiff.— A  prooees  emi^oyed  for  the  presenratioii  of 
wooden  telegn*aph  poles  by  injectiiig  creosote  into  the  pores  of 
the  wood.    (See  PoUf  Telegraphic.) 

Creeping. — The  formation  of  salts  by  efflorescence  on  the 
sides  of  the  porous  cup  of  a  voltaic  cell,  on  the  walls  of  the 
vessel  containing  the  electrolyte,  or  on  the  walls  of  any 
vessel  containing'  a  saline  solution. 

Paraffining  the  portions  of  the  walls  out  of  the  liquid,  or 
covering  the  surface  of  the  liquid  with  a  neutral  oil,  obviates 
much  of  tliis  difficuliy.    (See  Effloreeeence.) 

Critll. — A  term  proposed  by  A.  W.  Hoffman,  as  a  unit  of 
volume,  or  the  volume  of  one  litre,  or  cubic  decimetre,  of 
hydrogen  at  0*  C.  and  760  mm.  barometric  pressure. 

Critical  Current. — The  current  at  which  a  certain  result 
is  reached. 

Critical  Current  of  a  Dynamo.— That  value  of  the 
current  at  which  the  characteristic  curve  begins  to  depart 
from  a  nearly  straight  line.    (Sylvanus  P.  Thompson.) 

A3  a  rule  the  critical  current  of  a  dynamo 
occurs  when  the  speed  is  such  that  the  electro- 
motive force  is  nearly  two-thirds  the  maximum 
value. 

In  Fig.  128  the  critical  current  is  shown  in 
three  different  cases,  as  occuring  where  the 
dotted  vertical  line  cuts  the  characteristic 
curves. 

The  speed  at  which  a  series  dynamo  excites 
itself  is  often  called  the  critical  speed, 

A  connection,  generally  metallic. 


t • 


Fig.  lis, 

Crosfi,  Eleetrle 


accidentally  estiiblished  between  two  conducting  lines. 

A  defect  in  a  telegraph  or  telephone  circuit  caused  by  two 
wires  coming  into  contact  by  crossing  one  another. 

A  swinging  or  intermittent  cross  is  caused  by  wires  which 
are  too  slack,  being  occasionally  blown  into  contact  by  the 
wind. 


iTMUi ariaos  rromUerectivtiaiilion  of  the  insii 
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I    A  tcealher  crriiu 
•I  wt^ather. 

otilnit  Wires. — A    ilevico   employed    in    tGlegrap>iii' 
ite  wlipmby  a  taiilly  conduolor  of  u  tele^apli  linti  is  I'Hl 
It  ot  the  i:ircuil  by  crosaing  over  to  a  neighboring,  leas  libi-'iI, 

o  cut  out  K  Taiilly  A 

"drcuit,  such  ns  C  D,    • — 
in  ihe  rirtiiit  ABC*  '  "  ' 

D  E.  Fig.  184,  u  (TOSS  "       ■ 

C9nnNli»n  is  nuuli;  Ui  ii  lim;  X  V,  niimirTg'  nL>ui'  it.  ant!  which 
'  fiiiiHiriLrily  tlii'own  out  of  iiee.     By  this  meuns  the 
niptjou  of  uu  iraportiinl  circuit  may  be  arvoidei). 


C       ,       D 


'.  Electric A  crucible  in  which  the  beat 

volbUL'  aiv,  or  of  flui'tric  ipwindescenoi!,  is  employer! 
to  perform  ditllcult  fusions,  oi-  for  the  purpose  of 
ini;  the  reiiuctiOH  of  metala  from  their  ores,  or  tlie  forma- 
alloys.     (S>-e  Fumaee,  Electric) 

rtal. — A  solid  body  bounded  by  HymmetricoUy  disposed 
nurtaces. 
lait«  form  or  sliape  is  an  cliaracteristic  of  itn  organic 
X,  as  it  a  of  the  animal  or  pliint.    E^li  subatance  liaa 
In  whirh  it  (jfenerally  occ-uw.      There  are,  however, 
modiflcations  of  the  typiuti  form  whicli  oaiiKe  plane 
to  appeur  curved,  and  the  symmetrical  arruagenteat 
M  to  disappear.      These  modilicutions  otlen  render 
■ly  dini<-ult  to  reL-of-nixe  the  true  tj-pical  form. 
ililTnreiit  fundamental  crystalline  forms,  or  systems 
iIaIh,  n<!e  any  Hiandard  work  on  I'liernistry. 
flilliKNilun. — Solidiilcntion  from  a  stale  of  solution 
m,  with  Uic  tuunimption  of  definite  crystalline  forms. 
oTsUilhsatioii  "t  A  iljaaolvivl  solid  is  favored  by  any 
incrtiuseil  Ireudoiu  of  movement  to  the  piu'- 
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tides  of  the  solid,  such  for  exunple  «i»  wohMMf  fwrion, 
subUmcUion,  or  preeipiktHon. 

Oyttalllzatiom  lij  Bleetrteml  Pui^^iyilti— ,— 

The  crystalline  deposition  of  various  motalslijthe  panage  of 
an  electric  current  through  solutioiis  of  their  salts  under 
certain  conditions. 

A  strip  of  zinc  imoiersed  in  a  solution  of  sugar  of  lead, 
(acetate  of  lead)  soon  becomes  oovered  with  bright  metallic 
plates  of  lead,  that  are  electrically  deposited  by  the  weak 
currents  due  to  minute  vaUaie  eouplea  (See  Ooupie^  VoUaie), 
formed  with  the  zinc  by  particles  of  iron,  carbon,  or  other 
impurities  in  the  zinc  The  deposit  assumes  at  times  a  tree- 
like growth,  and  is  therefore  called  a  lead  tree. 


Cube,  Faraday^s- 


—(See  Net,  Faraday^s.) 


Current,  Alternating  or  Rerersed A  cur- 
rent which  flows  alternately  in  opposite  directions. 
A  current  whose  direction  is  rapidly  reverted. 
The  non-commuted  current  generated  by  the  differences  of 
B                                 potential  in  the  armature  of  a 

dynamo-electric  machine  is  an 
alternating  current. 
In  a  c^rcu^eris^te  curve  of  the 
?  electro-motive  forces  of  alternat- 
ing currents,    positive   electro- 
motive forces,  or  those  that  would 
produce  currents   in  a   certain 
Fig.  195.  direction,  are  indicated  by  values 

above  a  horizontal  line,  and  negative  electro-motive  forces, 
by  vahios  hehrw  the  line. 

The  curves  ABC  and  C  D  E,  Fig.  125,  are  often  called 
phases,  and  represent  the  alternate  phases  of  the  current. 

Current,   A  ItematlTe ^or  Toltaie  Alteraa- 


tlFes. — A  term  sometimes  used  in  electro-therapeutioB  for 
a  atidden  altemating  current,    (See  AUemativeBf  Vottoio.)    • 
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Cnrreni,  Cnminaled  ■  —The  current  of  any  olec- 

ic  sniirce  whii'h  produces  alternating  currents,  that  have 
MH  cnimed  to  Oow  in  one  und  the  Game  dii-ection  by  the  aiJ 
I  ;k  tnmmulator.    [Bee  Cotnmutalor.) 

Curreni.  Conlinuous An  electric  current  which 

ows  in  on«  and  the  same  dii-ectiou. 

TIiu>  Ipmi  IH  used  in  the  opposite  Bense  to  alternating  eur- 
fPiit. 

Ciirrcm,  Critical (See  Critical  Current.) 

Ctinreni  Den*lly The  ijiiantity  of  current  which 

piUK>cs  in  any  part  of  a  cii'i.'.uit  aa  compared  with  the  urea  ot 

■OM*  (wction  of  that  part  of  tlie  cin-uit. 

In  a  ilyiiaino-electric  inuchine  the  current  density  in  the  ar- 
nulure  wire  slioiild  not,  according  to  Sylvanus  F.  Thompson, 
■ascend  2,300  auipures  per  sqiiare  inch  of  area  of  trLinsvei'se 
wction  of  conductor. 

In  electro-plating,  for  every  definite  cu/rent  strengtli  thai 
ptMm  through  the  bath,  a  definite  weiglit  ot  niftal  is  dcpos- 
HmI,  Iha  cbaractfir  of  which  depends  on  the  current  density. 
thechar^ctor  ot  an  electrolytic  deposit  will  therefore  de|>end 
W  thf  eurmnt  denrity  at  that  part  of  the  circuit  where  the 
fcport'  "oi-iirs. 
Currcrnl,     Diacritical (See    Diucriti/'nl     Ciir- 

ffUrvmU  DIrtfcl -A current  constant  in  dirpction, 

^■li*tingub)ied  from  an  iiltemating  current. 

terrvalf  Klcellic The  quantity  of  electricity 

*liLi'h  paH»e>i  [yvr  wvond  through  any  conductor  or  cin-uit,  or 
"»»  nil«  »t  which  a  dellnit«  qiutntity  o(  electririly  pa.taes  or 
vnn  tfaroiigh  a  conductor  or  cii-cuit, 

Aiiflectric  current  represenia  the  ratio  existing  between 
"<•  ttrrtn>-mirtii're  ftirn-.,  causing  the  current,  and  the  re- 
iMaHtv  which  may  bo  regarded  Hit  opjiosiiig  it.  This  ratio 
bthra  exprnnwd  in  turais  of  quantity  of  Blectrlcityp^rscrond. 


IM  A  MOfKHTAaV  Of  ttWMMOU. 

The  unit  of  eurrmtt  or  the  ta^irt  u  eqnol  to  one  ooviraift 
per  second.    <See  Ampin.    Coufomb.) 

The  word  currant  must  not  be  confounded  with  tiie  mere 
act  of  flowing ;  electric  current  signifles  mte  of  flow,  and 
always  suppoaes  an  electro-motiTe  force  to  produce  the  cur* 
rent  and  a  reaiHtanoe  to  oppose  it. 

The  electric  current  ia  assumed  to  flow  out  from  the  posiUTe 
terminal  or  of  a  aowrce,  through  the  circuit  and  back  into  the 
source  at  the  negative  termimti,  and  is  amumed  to  flow  into 
the  positive  terminal  of  an  electro-receptive  device  such 
as  a  lamp,  motor,  or  storage  batteiy,  and  out  of  its  nega- 
tive terminal;  or,  in  other  words,  the  positive  pole  of  the  source 
is  always  connected  to  the  positive  terminal  of  the  electro-re- 
ceptive device. 

Carrent,    Element   of A  term  employed    in 

mathematical  discussions,  to  indicate  a  very  small  part  of  a 
current  in  considering  its  action  on  a  magnetic  needle  or  other 
similar  body. 

Current,  FaradI*' —(See  Faradic  Current.) 

Cnrrent  Induction.— <3ee  Voltaic  Induction.  Electro- 
DynamicB.) 

Current,  Intensity  of.— <See  Intensity  o/ Current.) 

Current  Meter.— (See  Galvanometer.) 

Current,  Kcversed A  current  whose  direction 

is  changiHl  at  intervals.     (See  Current,  Alternating.) 


CiirroniB,  Amp^rlan (See  ^mp^rtan  Currents. 

Mngnetisin,  Ampire'a  TIteorg  of.) 
Currents,   Diaphragm (See  Diaphragm  Cur- 
Currents,  Earth (See  Earth  Current*.) 
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,   Edit)',    Local,    Fuut-aull,  or   Paraiil- 

i«tl Uscileas   cun-eolfi   produL'Cil    in   tliQ   motullic 

nuueraof  tlio  pule  pii-i-vs,  armatiir«a,  or  Beld  niusnet  cores  or 
dyniniu-^leclric  niucliines  ui'  iiiolura,  eithirr  by  tile  motion  u( 
Uiwe  purls  through  nutgnetio  (iflds,  oi'  hy  the  variiitbus  in 
ttip  iUt>Dslh  o(  o|p*tric  t'Tirrenta  Howing  near  tlicju, 

EilJy  currents  iimy  eveu  he  produced  in  Iho  niiins  of  the 
(.vndui-liRg  wiri!  tiu  the  anuatiire,  when  this  is  i:uni|iurit- 
UvbIj-  heavy, 

Thi-sfi  currents  ure  called  eddg  currents,  Uieal  currents, 
Poufattll  eurrenta.or  paragiticai  currents.  They  form  doaed 
cimiits  of  coiupnratively  low  resistance,  and  tend  lo  cause 
uiiilne  h<>Miiig  of  arniut^ii'ea  or  pole  piecex.  They  noL  only 
I'nune  a  tDi»1«iB  eK|>eiiditure  of  energy,  but  interfere  wilh  tiie 
proper  operation  of  the  device. 

To  reduce  them  as  much  us  practicable,  the  pole  piecra  auU 
p  taminiited.     (See  Cures,  Laminalion  of.) 


line  to  van 

lions  in  ttiemng- 

Bftlc  hlr«ngth 

o(  Ui«  Hi-lU  mag-  ptg,  ue. 

■Wta,<irorthe  armature,  thev  will  be  of  greatest  intensity  when 

DMuhangex  in  the  magnetic  ntieiigth  are  th<?gTeateHl  and  inust 

todden. 
TImm  changes  are  most  inarki>d,  and  consequently  the  eddy 
ire  parllL'iilai'Iy  slroiig.  at  tlioae  corners  of  the  |>ole 
a  dynamo  from  whieh  the  armature  is  moved  in  ilt> 
lut  will  be  seen  fi-oin  an  inspection  of  Fig.  IM. 
V\g.  I2T,  shows  eddy  L'urrenle  generated  in  pole  pieces. 


Fig.  127. 

rent  induced  on  making  or  completing  a  c 
opposite  direction,  tending  to  oppose  or  retaro 

Both  of  these  currents  are  called  induced  or 
The  former  is  called  the  direct-indueed-currei 
the  reversed-induced-current 

In  order  to  distinguish  this  induction  from  1 
a  neighboring  conductor  by  the  passage  of  1 
rent,  it  is  called  self-induction. 

The  effect  of  the  self-induced  or  extra  c 
graphic  line  is  to  influence  the  speed  of  sign 
ing  the  banning  of  a  signal,  add  prolong] 
tion« 

The  greater  the  number  of  turns  of  wire 
magnet,  and  the  greater  the  mass  of  iron 
greater  the  strength  of  the  extra  current. 


Kr~«.._^l 


A    f  A**m    QATTK 
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Currenit,  Ordera  or Induced  electric  cin'reui.* 

nanied  from  the  order  in  which  tliey  ore  induced,  as  currents 
of  the  first,  second,  tliird.  (ourtli,  ett.^,  ordera. 

An  indui^d  current  can  be  cHiUBed  k>  induce  another  curi-ent 
in  n  nnghhoriii^  cliiiuit,  and  this  a,  third  current,  and  so  on. 
Sucli  currents  ore  distinguished  bjr  the  term,  currenta  ot  the 
aecond,  third,  fourth,  etc-,  order.    (See  Coilg,  Henry't.) 

CnrrentH,     Recllllnear — Currents    Rowing 

through  straight  or  rectilinear  portions  of  a  circuit. 

In  studying  the  cITects  of  attrnction  or  repulsion  produced 
by  electric  currents,  the  peculiarity  of  Hliape  ot  any  i»rt.  of 
the  circuit  is  often  applieil  to  the  current  flowing  through  that 
circuit. 

Cnrrenta,  SlnnooB A  term  eionietinie.x  applied  to 

currents  flowing  through  a  sinuous  conductor. 

Sinuous    currents  exfi't  the  same  effecla  of  iittrat'tion  or 
repulsion  oil  magnets,  ur  on  other  circuits,  us  would  a  rec- 
'    tilinvur  current  whose  length  in  that  of  the  axiii  of  sucli 
I  ourrent. 

This  van  he  shown  by  approaching  the  circuit  A'B',   Fig. 

136,  (»iuiiiiting  of  the  sinuous  conductor  A',  and  rectilinear 

',  to  the  movable  conductor  ABC  on    whicli    it 

I  produces  oo  effect.    The  current  A',  thei'efore,  neutralixvs  the 

I  HTccta  of  the  current  B':   or,  it  is  equal  to  it  lu  clfpirl. 

In  tuk-uhiling  the  ctfi^cls  of  sinuous  currents,  il  is  convenient 
Itovoiwiiler  them  us  consisting  of  aHiici^^Ksionof  Hhoi't,  Htraighl 
I  portktOH  ul  right  iiiigles  to  one  unutlier,  as  shown  in  Fig.  189. 

,  Undulatorj- Currents  tlie  ntrengtli 

■  aoJ  direction  of  flow  ot  which  grulually  change. 

Ttir  tnirrunts  produc-il  by  all  altci'mite  current  dynaiiioa  are 

not  of  the  chnrncter  generally  known  as  jmlsalorn,  in  which 

Bthe  ativngtli   and   direction   change  suddenly.      In    actual 

t,  such  mrr«iits  differ  from  undulutory  currents  morr 

ld  In  Idnd,  uoce,  when  neat  into  a  line,  lh<i  effects 


I 


«r    tmrt,    andolalorr    i 
illWBilii  wbfifa  ibftj  lot-   aI 
Ivir  Mti>  nnotbtw  rapidljr. 

"nic  i-iirrenta  id  most 
iljrBit  rn  n-eloctnc  nt»- 
r.Unvi.  tl«  Boinber  of 
whoae  nnoature  coils  is 
eonipMnitj'ely  great,  are, 
■0  toriwi  ilie  variatiouB  io  their  iiit« 
otfmod.  iiiidulatory  io  character  «vi 

TItx  I'lirrent*  on  all  telephone  lint 
tftwh  n.[  11  undulatory.  This  is  tru 
•mpli>ynU  m«re]y  varies  the  resbta 
mirn,  ur  actually  employe  makes-an 
low  <mi>  iiiiother. 


Cut-Oul,  AntamitUe fur  Multiple  Connoctvil 

Clectrtr  Lampi. — A  device  for  automatically  cutting  a 
lunp  out  of  Ihe  (.'ircuit  ol  Uic  leads. 

.Automatic  cut-outs  for  iocandeHcent  lamps  when  connecti^d 
lu  the  l^adH  in  multiple-arc,  consist  of  strips  of  readily  ineltt-d 
motal  calli^  safety  fuaen,  which  on  the  passage  of  an 
atioortniU  current  fuse  and  tlius  automatically  break  the  cir- 
cuit in  Uiut  particular  hrancli.    (SeeSafetg  Catch.) 

^t       Cnt*Oitt.  Aatomallc for  §ciie!i   Couneclcd 

^H  liMHp«, — A  device  whereby  an  electric  arc  lamp  is,  to  all  in- 
^HllenlBiuid  purposct,  autoniaticully  cut  out.or  removed  froin  tli<> 
^KdfCUit,  by  means  of  aaftunf  of  low  resistance,  wbicli  permita 
^HAe(;roat«r  part  ol  the  curi'ent  to  flow  post  the  lamp. 
^H  It  will  be  observed  that  tlie  lamp  is  still  iu  the  circuit,  but  is 
^^to  all  practical  intents  cut  out  froni  the  fiame,  since  the  pro- 
portion of  the  current  that  now  piuses  through  it  is  loo 
Hiuall  to  operate  it. 

Inmost  series  arc  lamps  the  automatic  cut-out  is  operated  by 
r  an  elertro-niagnet  placod  in  a  shunt  circuit  ot  hi^h 
e  around  the  carbons. 
the  carbons  fait  to  properly  feed,  the  a 
1  coQHei|ueatly  in  resistance.     Hore  c 
1  tbe  shunt  magnet,  until  finally,  when  a  certain  pre- 
mined  limit  is  reached,  the  armature  of  the  electro-niag- 
it  is  AUnu-'teil  to  the  magnet  pole   and  mechanically  coui- 
« the  short  circuit  pai>t  the  lamp. 

B  automatic  cut-oula  the  fusion  of  a  readily  fused 
K,  pUiced  in  a  flhuut  ciri'uit  around  the  carbonH.  [>ermila  a 
pring  to  uonipleti!  the  ehoi't  circuit 

^  automatic  cut-out  pn>veut(i  the  accidental  cstmguishing 
iy  siuj'le  himp  in  a  st-ries  circuit  front  extinguishing  ih>- 


I  Cylindrical   Carbon    ElectrbdM,- 


-  (Bee    Carbons. 


n  A  hictiosAxt  ov 

CjruMigene* — An  extremely  volatile  liquid 
off  from  crude  coal-oil  during  the  early  parts  of  its  diiitni«tioiL 

The  two  liquids  which  are  obtained  from  the  condensation  of 
the  vapors  given  off  during  the  first  parts  of  the  distiUation  of 
crude  coal  oil  are  called  eipnogenef  and  rhigolene.  These 
liquids  are  employed  on  account  of  their  extreme  volatility 
for  the  artificial  production  of  cold. 

Rhigolene  is  employed  by  some  for  the  treaimetU  or  JioMk* 
ing  of  the  carbons  used  in  incandescent  lamps.  (See  FUMMhrng^ 
Method  of.) 

Damping, — The  act  of  bringing  a  swinging  magnetic 
needle  quickly  to  rest,  so  as  to  determine  its  amount  of  deflec- 
tion, without  waiting  until  it  comes  to  rest  after  repeated 
swingings  to  and  fro. 

Damping  devices  are  such  as  offer  resistance  to  quick  motion, 
or  high  velocities.  Those  generally  employed  in  electrical  ap- 
panitus  are  either  air  or  fluid  friction,ohtained  by  placing  vanes 
on  the  axis  of  rotation,  or  by  checking  the  movements  of  the 
needle  by  means  of  the  currents  it  sets  up,  during  its  motion« 
in  the  moss  of  any  conducting  metal  placed  near  it.  These 
currents,  as  Lenz  has  shown,  always  tend  to  produce  motion 
in  a  direction  opi>osed  to  that  of  the  motion  causing  them. 
Bell-aliaped  magnetn  aro  especially  suitable  for  this  kind  o 
damping.     (See  Magnet,  Bell-S halted,) 

Ttic  needle  of  a  galvanometer  is  decui-beat,  when  its  momei 
of  inertia  is  so  small  that  its  oscillations  in  an  intense  fie 
are  very  quick,  and  die  out  very  rapidly,  and  the  needle  the 
fore  moves  sharply  over  the  scale  from  point  to  point  t 
comes  quickly  to  a  dead  stop, 

Danleirs  Voltaic  Cell.— (See  Cell,  Voltaic,) 

Dasli-Pot* — A  mechanical  device  to  prevent  too  su 
motion  in  a  movable  part  of  any  apparatus. 

The  dash-pot  of  an  automatic  regulator,  or  of  an  arc-la 
provided  to  avoid  too  sudden  movements  of  the  coU 
brushes  on  the  commutator  cylinder,  or  the  too  sudden 
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ll«  Hppi>r  uurbtiit.  .Such  devicea  i;oiisist  esaptitiailly  of  a  loose 
'i Uiflj  [liiiUtii  lliat  movps  tlirou^h  air  or  glycerine. 

Uwh'polsiire  itpedes  of  ilo.mping'dcvJcM,  and,  like  the  danip- 
lUK  aciHogitnu'iitB  on  gntvunoiuet«rs  or  magnetic  uee(ll<>a, 
l>i>'*i'iil  II  too  Irt'e  nioveiiient  ot  tlii^  {lufts  willi  whiili  lliey 
irF ivinnected.     (See  Damping.) 

Dead  -  Beat    Calvaiiomclcr.  —  (Si'e    GaUmnomfter, 
Head  Btat.) 
Dead  Earth.— (See  Eartha.) 

Oe»d  TuriiN  af  Armature  Wire,  or  Dead  Wire. 
— Tluit  [Hiriof  ilie  wire  on  llif  arjiuititre  of  a  (iynuiiio-flHctrio 
iniK-lilno  which  proiluuis  no  useful  elei'ti'o-motive   for<;e,    or 
reiulbtnL  i-urrttnl,  on  movement  ol  Iho  armature  Ilirougli  the 
riiuf^otio  Held  ot  the  Riuchlnc. 
Tbn  wire  on  llie  inaide  or  a  Gramme  or  ring  armature,  is 
J  ^tad-ieirt. 
[■'9«td>Wires. — Disused  and  abandoned  electric  wires, 
i  Tbe  term  dead  is  oHi^.a  applied  to  a  wire  tlirougli  which  no 
I   paHsin^.     The  term,   however,  is   more  properly 
1  to  a  wire  fomierly  eniptoyed,  but  subsequently  alian- 

i  wir^B  la  the  neighborhood  oF  utHive  wires  are  a  con- 
w  to  life  ami  proper^,  and  should  ini'ai'iahty  be 
re  fully  r«Diored. 

often  a  matterot  conaiderablG  importunue  to  be  able  to 
line  whether  or  not  a  current  is  pass  in};  through  a  wire. 
the  wire  is  not  inclosed  in  a  moulding,  or  tasteaed 
it  n  wall,  this  ntn  readily  be  ow^ei'tained  by  bringing  a 
«  needle  near  fhe  wire,  when  it  will  tend  to  set 

e  Urrm  iletui  wire,  a.s  will  be  seen,  ia  iisod  iu  I  wo  distinct 

Eleelrieal- -— Dc-alh   resnlliuK   fi-om   the 

e  ol  tilt'  Lijii-lrii.-  i.-111'reut  through  the  human  body. 


l>t  AB  UH>  uinK%  mu»  ui  pujiaiuMi||t 

(3)  Prom  the  action  of  11)ftcniT«ito> 
(8)  From  the  actual  inability  ot  Um 

tioth,  1"  perform  their  fiinotions. 

{4}  Vi-MiHUl  Jii'tiiiili'luctrolylii'ilecor 
other  tissues  o(  the  huily. 

(6)  From  the  polarization  of  those  p, 
vhicli  tlie  current  passes. 

(6)  Fi'oiii  an  actiml  rupture  of  parts  h 

The  current  required  to  causedealh 
of  cin-uMi!itanceB,  among-  which  are  : 

(1)  The  particular  path  the  current 
with  reference  to  the  vital  organs  tha 

(3)  Tlio  freedom  or  absence  of  sudd 
motive  force, 

(3)  Thetimethecurrentcontittues  t< 

la  most  fatal  cases,  it  is  probabi; 
the  indiired  direct  current  on  treat 
since,  as  is  nell  known,  its  electr 
many  times  greater  than  that  of  the  ' 

A  comparatively  low  potential  coo 

tlierefori'.  bo  properly  regarded  as  e 

because  Its  electro-motive  force  is  cor 

Deri  las  a  nreRx).— The  one-tenth 


in«1>B,TEBm  AKD 


T^H*  tlocUnalion  o(  the  mii^Rctic  needle  is  either  E.  oi'  W. 
hw  Angle  of  Declmntion.) 

The  dcvUiiAtion,  or  variation,  is  different  for  JiiTerent  pnrts 
t  thn  (MUili's  siirfnce. 

LiotM  oonnt!L-ttng  places  whivh  have  tlie  same  valup  and 
forUieiJi^clinatioit  tirefalkd  iwgonal  lme».    A  chart 
which  the  ian^oal  liuca  are  luiU'ked  ia  called  a  vnHation 
thitrt.    (Sei*  I'tirialum  Chart.) 

The  v»]«p  of  the  dcclinutioii  varies  at  different  tiiiiea, 
ThCM  vnrintions  of  Uie  declinBtion  are : 
O)  Beeular,  or  IhoM  o<\;ui-ring  during- 'g-reat  iolervals  of 
imtt.  Tbas  in  15S0,  the  magnetic  needle  in  London,  had  a 
vxrjatfoa  of  about  H°  East  This  eastern  declination  ile- 
.creaOMl  in  1023.  to  ft'  B,,  and  in  1680,  the  needle  pointed  to  the 
north.  In  IflBS,  the  declinatioo  wiut  6°  W.;  in  1730,  13" 
in  1785,  30°  W.;  and  in  1818.  the  needle  reached  its  great- 
*rt  westi-ra  Jfclinution  lind  ia  now  moving  eastwards.  The 
declluAtlnn,  linwever,  is  still  west. 

(t)  Annuiil.  the  needle  varying  elightly  in  its  declination 
during  different  seasons  of  the  year. 

Diurnal,  the  needle  varying  slightly  in  its  declination 
duriBtc  different  liotirs  of  the  day. 
14)  Irregular,  or  those  which  occur  during  the  prevalence 
t  m  magnetic  storm. 

H  has  t>een  discovered  that  the  occurrence  of  a  magnetic 
•tonu  is  simultaneous  with  the  oocurrenoe  of  an  unusual  niini- 
haolMun  »]M)ti>.    (tifo  Sun  Spots.) 

Drcllnamptcr. — A  uiagrietic  needle  suitably  urran^^d  for 
%•  nii-anui*euicnt  of  the  value  of  the  magnetic  declination  oi' 
^ttrintion.  ot  iiny  place. 

nri-onipiiiiMoil.—Tii  choniifllry,  the  se|>ui'at.ion  of  u  ni"''-. 
'vJr  into  il.i  rou-iti(uei]t(f((ini»or  groups  ot  atoms.     (See  Atole- 


M»'. 


OccoMpoaldon,  EIrpiriP  or   Elevtroljilc  — 

-TIm.-  sep(u-»Liiin  ot  a  mulevule  into  its   constituent  atoms 
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or  groups  of  atoms  by  the  action  of  the  electric  cxar&oL 
These  atoms  or  groups  of  atoms  are  either  electro-pomtiye 
or  electro-negative  in  character.  (Qee  EUtiroiytia,  Anion. 
Kathion.) 

Deflairatlon  of  Metals,  Electrical 

The  heating  of  metallic  subetancen  by  the  electric  current 
to  a  temperature  at  which  they  rapidly  fuse  and  volatilise. 

Deflagrator,  Hare's The  name  given  to  a 

voltaic  battery,  of  small  internal  resistance,  employed  by  Hare 
in  the  deflagration  of  metals  by  the  electric  current 

Deflection  of  Maipietlc  Needle.— The  movement  of 
a  needle  out  of  a  i>osition  of  rest  in  the  earth's  magnetic  field, 
or  in  the  fleld  of  another  magnet,  by  the  action  of  an  electric 
current,  or  another  magnet. 

Deflection  Method. — A  method  employed  in  electrical 
measurements,  as  distinguished  from  the  zero  method,  in 
which  a  deflection  produced  on  any  instrument  by  a  given 
current,  or  by  a  given  charge,  is  utilized  for  determining  the 
value  of  that  current  or  charge. 

The  conditions  remaining  the  same,  the  same  current  or 
charge  will  produce  the  same  deflection  at  any  time.  Differ- 
ent deflections  produced  by  currents  or  charges,  the  values  of 
which  are  unknown,  are  determined  by  certain  ratios  existing 
between  the  dcfl(^ctions  and  the  currents  or  charges.  These 
ratios  are  determined  experimentally  by  the  ccUtbration  of  the 
instrument    (See  Calibration.) 

Deflection  methods  are  op{>osed  to  zero  or  null  methods^  in 
which  latter  a  balance  of  opposite  electro-motive  forces,  or  a 
proportionally  equal  fall  of  electric  potential,  is  ascertained  by 
the  failure  of  a  needle  to  be  moved  by  a  current  or  a  charge. 

Degradation  of  Energy. — Such  a  dissipation  of  energy 
as  to  render  it  non-available  to  man.  (See  Conaervixtion  qf 
Energy,    Entropy.) 

Deka  (as  a  prefix). — Ten  times. 
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DeaiapiCllzitlloii. — A  procesK  ^neritlly  dii'iM:U,v  <>ppi>- 
sib*  (o  that  (or  prixluciDg  a  magnot,  hy  meaiia  of  wtiioh  tlm 
magnet  may  bi;  deprived  ut  its  magnet  Lsm, 

A  nutgn^t  niay  be  deprived  of  its  mB^netism,  or  be  deuiag- 

(1)  B,v  heating  it  t«  redness. 

(2)  By  touching  to  its  poles  ma>niet  poles  ot  the  same  luune 
ttsilsown. 

(3)  By  reversing  tlie  directions  tit  the  motions  by  whicli  its 
ma^etjsm  woa  originally  imparted,  if  magnetized  by  touch. 

(4)  By  exposing  it  in  a  helix  to  the  inOuence  of  cui'i-enis 
wliich  will  impart  magnetism  opposite  to  that  which  it  origi- 
nally possessed. 

DemB^nellzation  or  Wnlrhcs. — (Sen  Watcheti,  De- 
moffortixaliwi  of.) 

Dcfuliy  orChurKc^lSee  Charge,  Density  of.)        ^^^| 

DonBlty  orCurreiil.— (See  Current,  Densitg  of.)      ^^M 

■>eii«lly,  HlHgnello — (See  Magnetic  Denititff.y^^M 

DcaituI  nallet,  Eleclro^Maffnette A  mal- 

Irt  for  fliling  teeth,  the  blows  of  which  are  struck  by  means 
of  ehx-tricnlly  driven  uiechtinion). 

Elivti'D-magnetisni  was  first  employed  for  this  purpose  by 
Bonwill  of  Philiulelphia. 

DepolarlKallon.— The  act  of  breaking  up  or  removing 
Uic  pulnriziition  ofu  voltaic  cell  or  battery,   (Seu  Polarization 

r  Valtair  Ceil.) 

•^MMlt,  Elcctro-MetallarKlcal The  de|iosit 

of  tnotnl  obtained  by  eleotivj-metallurgiuU  procettses, 

Tu  obtoia  a  good  metallic  deposit  the  density  of  the  etirn^nt 
tniHt  Ite  rfgiilftted  apiiording  to  the  strength  of  the  tnotullio 
•olulion  employed. 

Boclro-metollurgiciil  deposits  ari-  either — 
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y\\  RegtUine^  or  flexible*  adherent,  and  strongly  coherent 
metallio  tilnis,  deposited  when  neither  the  current  nor  the 
!«olution  is  too  sctron^. 
0«>  Crystallime^  or  non-adherent  and  non-coherent  deposits. 
Tlit^  crystalline  deposit  maj  either  be  of  a  loose,  sofidy  char- 
acter, which  is  thrown  down  when  too  feeble  a  current  is  used 
with  too  strong  a  metallic  solution,  or  it  may  consist  of  a  Mack 
cf<7»i  vjtiY.  which  is  thrown  down  when  the  current  is  too  strong*  as 
i\>iu|Kireil  with  the  strength  of  the  solution.    This  latter  char- 
Q  acter   of  deposit   is  sometimes   technically 

called  ^Hmiiig,  and  takes  place  most  fre- 
i|uently  at  sharp  comers  and  edges,  where  the 
current  density  is  greatest.  (See  Density  of 
Current,) 

Derived  Clreolt* — A  term  applied  to  a 
shunt  circuit. 

If  the  conductor  S,  Fig.  130,  be  connected 

with  tht  circuit  of  the  battery  B,  a  derived 

Ft,'.  /*'.  circuit  will  thus  be  established,  and  a  current 

will  tlow  throu&rh  S.  thiLs  diuiiuishing  the  current  in  the  gal- 

vunoniotor.     ^Soe^/iii/if  Circuit.) 

Derived  I'nits.— vSee  Units^  Derived,) 

Detitruetlve  Dint lllat Ion.— iSee  DistiUatian,  Destruc^ 
five,) 

Devlee,  Safety Ibr  Moltiple  CIreiilta. — (See 

Safety  Catch.^ 
Devlee,    !$af^ty  fbr     Series    Clreiilto.^See 

1  >ci' ict\  »S i i/e ty,  for  Arc  Iai mps, ) 

Devlee,  Eleetro-Reeeptlve 


Various  devices 

plui'ed  in  an  cUvtric  circuit,  and  energized  b3*  the  passage 
thivuirh  thciu  of  tho  cUviric  current. 

Tlic  following  ai\^  among  the  more  important  electro-recep- 
tive devi*.vs,  viz.: 

0)  EKx'tro-Magnet. 

(3)  Electric  Motor, 
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I  (S}  Ad  An- or  Incanileacent  Liiinji. 
I  (<)  An  Unohurs^d  Storage  Cell. 
I  (51  An  EleiSric  Heater. 
I  {B)  A  PiaUng  Balli,  or  Voltameter, 
i  (Tl  A  Telegraphic  or  Teleplu)nici  Instrimieiit 
l(K)  Eleclro-Ma^eUc Signal  AppurnluH. 
I  DextroriBl  llellx.— (Sec  Htlia^,  De.t-lrurml.) 
|lNacrMI<^l  Currenl.— Such  a  strength  ..>r  tli.>  i 
tDl  aa  produces  a  mug'iietiziitioD  of   nn  iron  i 
plulfraluratioii. 


tvrlllcal  N amber,— Such  a  miniber  of  atiiji^re-luniH 
l)rliii'li  u  driven  core  woiilil  ret«ive  a  mu^^nctiailion  e<iual  Ic 


rllical  Pnlnl  omagaellt-Saiurallon.— Atenn 

fcpOMil  by  S.  v.  Thompson  for  such  u  viiliie  of  the  mfjpdent 
rneii':  fttarali'in,  tli;il  the  core  is  ni»gnetize<1  lo  exftctly 
alt  lt«  jwwiible  miuunimii  of  magnetization. 
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■Magnoata,  Eleetl« TIm  d^anniiutloa  of  the 

healthy  or  disefwed  conditioit  of  differaBt  parte  of  th«  human 
body  by  the  character  and  extent  of  ttie  muacuJar  oontnia- 
tions  on  electrical  exdtation  of  the  narvM  or  musclM. 

Dlasometer,  Ban>i«aB*i An  appentns 

in  which  an  attempt  is  nuida  to  determine  the  chemical  com- 
position  and  consequent  pui^  of  certain  subetaoces  by  their 
electnoul  conducting'  powers. 

The  arrangement  of  the  apparatua  is  shown  in  Fig.  181.  A 
dry  pile  A,  hoR  its  n^cative,  or — ,  terminal  im',  grounded.  Its 
positive,  or  +,  terminal  is  connected  to  a  delicately  supported, 
and  slightly  nif^Detised  needle  H,  terminated  by  a  conducting 
plate  L.  Opposite  L.  and  at  the  same  height,  is  a  fixed  plate 
of  slightly  larger  size.  The  needle  H,  when  at  rest  in  the 
plane  of  the  magnetic  meridian,  is  in  contact  at  L  with  the 
llxed  plate,  ir,  therefore,  the  upper  plate  of  the  pile  is  con- 
nected with  the  needle  M  both  plates  are  similarly  charged 
and  repulsion  takes  place,  the  needle  coming  to  rest  at  a 
certain  distance  from  the  fixed  plate. . 

The  substance  whose  purity  la  to  be  determined  is  placed  in 
the  cupO,  which  is  connected  through  L  with  the  Hxed  plate. 
A  branch  wire  from  the  -|-  terminal  of  the  pile  is  then  dipped 
into  the  sut)stance  in  O,  and.ts  purity  determined  from  the 
length  of  time  required  for  the  two  plates  at  L  to  be  dis- 
charged through  the  material  in  G. 

It  IS  claimed  that  the  instrument  will  detect  the  difference 
between  pure  coffee  and  chicory.  Its  practical  application, 
however,  is  very  doubtful. 

Dlngram,    Thermo-Elevliic A  diagram  in 

which  the  thermo-electric  power  between  different  metals  IS 
designated  for  different  temperatures. 

The  differences  of  potential,  produced  by  the  merecontactof 
two  metals,  varieo,  not  only  with  the  Idnd  of  metals,  and  the 
physical  state  of  each  metal ,  but  also  with  their  temperaturs. 
This  difference  of  potential,  inalnt«4iied  in  conaequenoe -«( 
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Itie  ililTerence  ot  teinperuluro  between  Ibe  jiini^ona  of  a 
thtrmo-eUetric  couple,  is  apjiroxiiiiatcly  propoitional  to  the 
>liffereiic«s  ot  t<:iu[>ernture  of  these  junctions,  if  these  dif- 
(•■i^iiow  nre  not  greut,  nnd  is  equal  to  the  product  of  such 
MItvieniyfs  of  temperature  aad  a  number  dependent  on  llie 
metals  in  tlia  couple.  This  number  is  called  tlie  Uieritui- 
etfctrie  poirer.  (See  ^^  tFciar'.-ua'.airtvf.af-arwKifeiiiiv 
Couplt.  Thermo-Eho- 
Iriiu   Ttiermo-EletUrie 

In    Fig.    132   (after 
IkHJ,   Ute    thermo-  ^ 
«l«ctrin    power   ia   j 

I  between    lead  '"'?•  '**■ 

and  lead  and  copper.  The  numbers  at  the  top  of  the 
represent  degrees  of  tlie  Centigrade  thermometer, 
nt  the  sides  represent  the  dilTerenoes  of  potential  in 
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The  tlienuo-electric  power  ot  the  lead-iron  oouple  decreases 
D  the  frcenng  point  of  water,  0°  C,,  to  a  temperature  of 
KC,  when  it  becomea  Kero.     Beyond  tliat  temperature 

1  thermo-electric  power  increases,  but  in  the  opposite 
Bclion.    The  point  at  which  this  occurs  is  called  the  neH- 

il  TelegTaph.WSee  Telegrapkj/,  Step-by.Stcp.) 

MMKUtgnrtlC. — A  term  applied  to  the  property  possessed 
f  BUbctknuca  hkei  bismuth,  phosphorus,  antimony,  zinc  aiul 
IS  fuel's,  which  are  apparently  repelled  when  placed 
mwn  the  ])oles  of  powerful  magnet". 

n  diftmagiieljc  subst^inces  in  the  torm  of  rods   or  bai"!! 
in  Fig.  184,  betweea  the  poles  A  and   B  of  n 
irful  elwrtro-miignet,   tliey    phicu    themselves    at    riglil 
UiglBi  to  the  iKiti'H,  or  are  appaivntly  repelled. 
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Paramagnetic  9ub$tanee$  like  iron  or  steel,  on  the  oontraty, 
come  to  rest  under  simDar  drcumstances  in  a  straight  line 
joining  the  poles,  as  in  the  position  shown  in  the  annexed 

figure. 

Paramagnetic  substances  are  some- 
times called  ferrO' magnetic^  or  sub- 
stances magnetic  after  the  manner  of 
iron.  This  word  is  unnecessary  and  ilL 
advised.  The  term  tidero-magneiie  has 
also  been  proposed  in  place  of  paramag- 
netic. 

Paramagnetic  substances  appear  to 
concentrate  tlic  lines  of  magnetic  force 
on  them;  that  is,  their  magnetic  resist- 
ance is  smaller  than  that  of  the  air  or 
other  medium  in  which  the  magnet  is 
-^-  i^  placed.      They  therefore  come  to  rest 

with  their  greatest  dimensions  in  the  direction  of  the  lines  of 
magnetic  force. 

Diamagnetic  substances  appear  to  have  a  greater  magnetic 
resistance  than  that  of  the  air  around  them.  They  therefore 
come  to  rest  witii  their  least  dimensions  in  the  direction  of 
the  lines  of  magnetic  force, 

Tlie  difference  between  paramagnetic  and  diamagnetic  sub- 
stances is  believed  by  some  to  be  due  to  the  resistance  they 
thus  offer  to  lines  of  magnetic  force  as  compared  with  that 
offered  by  air  or  by  a  vacuum. 

The  action  of  magnetism,  however,  on  gaseous  media,  ro- 
tating a  plane  of  polarized  light  to  the  right,  in  some  gases, 
and  to  the  left  in  othei*s,  shows  that  the  real  nature  of  these 
phenomena  is  yet  unknown. 

Tyndall  comes  to  the  conclusion  as  the  result  of  extended 
experimentation,  ''  that  the  diamagnetic  force  is  a  polar  force, 
the  polarity  of  diamagnetic  bodies  being  opposed  to  that  of 
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IMtfamitgnetic  ones  under  the  same  conditions  of  excitement." 
(See  TyndaU,  on  Diamagnetism.) 

Diamagnetism  is  also  possessed  by  certain  liquid  and  gas- 
eous substances. 

Dlamairnctlo  Polaiitjr*— (See  Polarity,  Diamagnetic.) 

Dlamai^ettsiii. — A  term  applied  to  the  magnetism  of  dia- 
magnetic bodies.    (See  Diamagnetic) 

Diameter  of  Commutation, — In  a  dynamo-electric 
machine,  a  diameter  on  the  commutator  cylinder  on  one 
side  of  which  tlie  differences  of  potential,  produced  by  the 
movement  of  the  coil  through  the  magnetic  fleld,  tend  to  pro- 
duce a  current  in  a  direction 
opposite  to  those  on  the 
other  side. 

Thus,  in  Fig.  133,' the  di- 
rections of  Ihe  induced  elec- 
Iro-motive  forces  are  indi- 
cated by  the  arrows.  The 
diameter  of  coftimutation  is 
therefore  tlic  line  n  n'.  The 
term  neutral  line  is  also 
sometimes  given  to  this  line.  J^-  i^- 

It  lies  at  right  angles  to  the  line  of  maximum  magnetization. 
In  an  ai*mature  with  closed-circuited  coils,  that  is,  m  an 
arnnature  in  which  the  armature  coils  are  connected  in  a 
closed  circuit,  the  collecting  brashes  rest  on  the  commutator 
O'linder  at  the  neutral  line,  or  on  the  diameter  of  commuta- 

^n.  an  open  circuited  armature,  however,  where  the  coi  Is 
^■^^  independent  of  each  other,  the  collecting  brushes  must  be 
'^^t.  at  m  w,  at  right  angles  to  the  neutral  line  n  n.  The  term 
^^<M.Tneter  of  commutation  is,  therefore,  often  applied  to  this 
^^<X)nd  position.  Accoi*ding  to  this  use  of  the  term,  the  diame- 
of  commutation  is  that  diameter  on  the  commiifator 
ich  joins  the  points  of  contact  of  tlie  collecting  brushes. 


• ' — »s:    V      "v  *:*  -A  n *jle  *  •/  L^cad. ) 

-     >  :  »  S'vu  tiiat  the  temi  diameter  of  oonimu 

:..    *•■.::.  ioft'r<  1o  tilt"  p«.)siiiuii  of  oei*tain 

..'.i*..y  »i<  iii'»tintrui>li*"il  fnuu  points  on  the 

^     0:;  IJ;':' o.Miiiiaitattir,  tlie  diamoter  of  comnn 

^  l:;»\\:;  :hroiii;li  tlio  two  coniniutator  bare  at 

•    .    ■  >  •.*.:<  f:oi!i  ilie  two  ^illos  aro  opposed  to  caoh  oth 

V    -^   1  ■• -.xIoil!   tliat   th»?  commutator  mav  be  intenti 

*  roi  \*  .:\\  rx^siv\.t  to  tin?  armature,  so  as  to  bring"  its 

>•■'•>■  <.*:  .\vv.!r.uTatiou  into  any  desired  convenient  positic 

lN«plira|rni.— A  sbi^ft  of  some  solid  substance,  gen 
,■  .fc>:;,  r.  *  h.inwter  and  circular  in  shape,  securely  fixed 
.v^v^  .i-.vl  vajKible  of  being  set  into  vibi-ation. 

r**v  '-I  it  riu*j  tlinphragm  of  a  telephone  is  generally  i 
\<^\:%r  ^v  k{i>^-  y}i  iron  lixed  at  its  edges,  placed  near  a  n 
\.\,<\\  ,uul  set  into  vibration  by  vanations  in  the  ma 
^trx'fsjkth  of  I  hi*  iK>le  due  to  variations  in  the  current  1 
tvAaifi««M  v^vor  the  line. 

rtio  dtaphm^u  of  the  transmitting  telephone,  or  of  j 
iivV»^»ph.  ^\Misists  of  a  plate,  fixed  at  its  edges  and  w 
vibrsttioti  by  the  sound  waves  striking  it. 


m  Current M. — Electric  currents  pix)duc 


The  substance  wtuch  sepai-ates  tlie  opposite  uoatinga  of  a. 
denser  is  called  the  dielectrii;.     All  dielectrics  a 
dut-tors. 

All  non-conductors  or  insulators  are  dielectrics,  but  their 
dielectric  power  is  not  exactly  proportional  to  their  non-con- 
dLKllng  power. 

SubsttiDoes  differ  greatly  in  the  degree  or  extent  to  which 
they  permit  induction  to  take  place  through  or  across  them. 
ThuH,  a  certain  amount  of  inductive  action  lakes  place 
between  the  Insulated  metal  plateis  of  a  condenser  across  the 
layer  of  air  between  them. 

^^L  Dlele«trip  f^apaclty,  or  Dielectric  CanHtaul. —  A 

^^■irin   employed    in    the    samt:   sense    as    specific    inductive 
^^B2>acity.    (.See  Caincity,  Specific  Inductive.) 

^^BlHelectrip  Strain, — The  strained  ctiaditioa  in  which  the 
^^Bass,  or  otlier  solid  dielectric  of  a  condenaer,  is  placed  by  the 
^^Bparging' of  the  condenser. 
^"   The  stre»»  in  thin  case,  i.  «.,  the  (orce  producing  the  defor- 

malion  or  strain,  is  the  attraction  of  the  opjiosite  charges. 

This  stress,  in  tiie  case  of  a.  Leyden  jar,  is  often  HUfiicieatly 

great  to  cause  a  rupture  of  the  glass. 

Dillference  of  Fotenltal.— A  term  employed  to  denote 
I  hat  portion  of  the  electro-motive  force  which  exists  between 
nay  two  points  in  a  circuit. 

KThc  difference  of  potential  at  the  poles  of  any  electric  source. 
di  sR  a  battery  or  dynamo,  is  that  portion  of  the  total  elec- 
^mvtive  force  which  is  available,  and  is  eiiuul  to  the  total 
Mtro-motive  force,  less  what  is  lost  in  the  source.  (See 
Potential.     Eleciro-Miifivi:  Force.) 

mfferentlal  Ottlvanomefcr. — A  galvanometer  in 
which  the  needle  is  deflected  by  the  action  of  two  parallel 

rthe  currents  in  which  are  oppt>Bed  to  each  other.    (See 
nomeler.  Differential.) 


m 
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DIflbrentlal  Indsotometer.— <S^  Inductomeiert  tytf- 
ferentiaL) 

DlflTorontlal  Thermo^Plle.— A  thermo-pile  ia  which 
both  faces  of  the  pile  are  exposed  to  the  action  of  two  nearly 
equal  80ui*ces  of  heat  in  order  to  determine  accurately  the 
difference  in  their  intensities.    (See  Tliermo-Pilc.) 

DlflTerentlal  Toltameter.— (See  Vottameter,  Differen- 
tial.) 

Dimislon  of  Electrie  Cmrent.— A  term  employed 
mainly  in  electro-therapeutics  to  designate  the  difference  in 
the  density  of  current  in  different  portions  of  the  human 
body,  or  other  conductor. 

When  the  electrodes  are  placed  at  any  two  given  points  of 
the  human  body,  the  current  branches  through  varioiLs  paths, 

extending  in  a  general  diroction 
from  one  electrode  to  the  other, 
according  to  the  law  of  branch 
or  derived  circuits,  and  flowing 
in  greater  amount,  or  with 
greater  density  of  current, 
through  the  I'^latively  better 
conducting  paths.  (See  Den- 
sity of  Current,) 

Dimensions  of  Acceler- 
at  Ion. —  (See  Acceleration, 
Unit  of) 

Dip,  Mairnetlc 

The  deviation  of  the  magnetic 
needle  from  a  horizontal  posi- 
tion. 

The  inclination  of  the  mag- 
netic needle  towards  the  earth. 
^(f-  ^^'  The  magnetic  needle  shown 

Fig.  135,  though  supported  at  its  centre  of  gravity  will  not 
ain  a  horizontal  position  in  all  places  on  the  earth*s  surface. 


'^i 


In  the  Northern  Hamisiiliere  ila  north-seeking  end  will  dip 

or  iodine  at  an   angle  B  O  C,  lulled  Um  angle  it/  dip.     In 

Uie  .Southern    Henikphere  its  south-seekitig  eiul  will  di|). 

Th«  c»u«e  of  the  dip  is  the   ungual  distance  of  the  luuj^- 

a«tJc  poleu  at  the  earth  from  the  poles  of  the  needle. 

The  Maffnelic  Rqvator  is  a  circle  piissing  arouud  tlie  carlh 
midway  ()a  intcnaity]  between  the  earth's  niiignetic  jiok's. 
There  is  no  dip  at  the  niiugnctic  equator.  At  either  niab'rielit 
pole  the  angle  of  dip  is  SO*. 

Dipping  circle,  or  Ini-llnHlloii  €«nipaM«.— A  niit^- 
oelic  needle  moving  freely  in  a 
lingle  vertiail  plane,  unil  eiri- 
pli)}'^  (or  determining  the  un- 
ple  of  dip  at  any  plac«, 

Thr  needle  M.  Fig.  1S6,  is  HUp- 
|Hir1<>d  on  knife  edges  no  n»  to 
be  rm<  to  move  only  in  the 
vtfticnl  plane  of  the  graduated 
VMtJcal  circle  CC.  This  eircle 
I  i«  in(iva4>le  over  the  hoHxuu- 
led  i^irfle  H  U.  lu  ' 
'  to  deternihie  the  ti'ue 
0  of  dip,  the  vertical  plane 
n  which  the  needle  ts  free  to 
r  tnove  imist  be  placed  exactly 
1  tu  thu  plane  ut  tlie  magnetic 
l^aieridiun. 

aciertain  this  plane   the  Ftg.ix. 

I  circle  is  moveil  until   the   needle  points   i 
h>wit*r»rdH.     It  is  then  in  a  plane  90'   from   the 
3lun.     The   verti<»l  circle   ia   then  moved  o 
U  circle  90°,  in  which  position  it  i^t  in  the  plane  uf  the 
^  nM|fU«(ic  nit<rl<lian,  when  tiie  true  angle  of  dip  Is  read  olT. 
Foriuiexptnautitia  of  the  reason  of  this  see  Component, 
poritonlal  nnd  Virrtienl,  of  the-  £itrlk'»  M  agnel  imn. 


L>rtically 

J   inagnetif 
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IMpplnir,  Eleetro-Metalliirglcal   Deposition  hf 

The  process  of  obtaining  a  metallic  deposit  on  a 


metallic  surface  by  dipping  it  in  a  solution  of  a  readily  decom- 
posable metallic  salt 

A  bright,  polished  iron  surface,  when  simply  dipped  into  a 
solution  of  copper  sulphate,  receives  a  coating  of  metallic  cop- 
per from  the  electrolytic  action  thus  set  up. 

This  process  is  known  technically  as  dipping.  The  term 
dipping  is  also  used  in  electro-metallurgy  to  indicate  the  pro- 
cess of  cleaning  the  articles  that  are  to  be  electro-plated  by 
dipping  them  in  various  acid  or  alkaline  baths. 

Direct  Current. — (See  Current,  Direct) 

Direct  Induced  Current. — The  current  induced  in  a 
circuit  by  induction  on  itself,  or  self  induction,  on  breaking 
the  circuit.    (See  Extra  Current.) 

Direction  of  Lines  of  Force.— The  direction  in  which 

it  is  assumed  the  lines  of 
magnetic  force  pass. 

It  is  generally  agreed  to 
consider  the  lines  of  mag- 
netic force  as  coming  out 
of  the  north  pole  of  a  mag- 
net and  passing  into  its 
south  pole,  as  shown  in 
^ff'  W.  Fig.  137. 

This  is  sometimes  called  the  positive  direction  of  the  lines 
of  force,  and  agrees  in  general  with  the  direction  in  which 
the  electric  current  is  assumed  to  flow,  which  is  from  the 
positive  to  the  negative.  That  is  to  say,  the  lines  of  mag- 
netic force  are  assumed  to  flow  or  pass  out  of  the  north  pole 
and  into  the  south  pole  of  a  magnet.  Of  course  there  is  no 
evidence  of  any  flow,  or  any  particular  direction  as  character- 
izing them.    (See  Field,  Magnetic,) 


I 


■MrcMlrr  P<nrer  of  Magnellr  Needle.— Tbc  I 

imcy  oT  M  nu^aK*:  iiiwdip  W  move  so  as  to  iMnio  to  rest  In 
th«  <Iti«ctkit)  o(  tlte  lini"!  of  tbv  nuth's  magnt^lic  Ueld. 

Ttw:  ditvctir«  {tairer  of  the  needle  is  due  to  tjic  nttnvtion  ot 
tlw  Ruili't  niapnetjo  poles  tar  tli«  |iolt^  of  tbe  ne<<dlf ,  or  ti 
Hie  ttutioD  of  [he  fstIIi's  ma^etii'  field.  Sinoe  t)io  fun-u  ot 
Ihetaftli's  magnetL-MD  forms  a  timplf,  tlier«  ia  no  U^ndency 
(or  tlie  tu;«llc  to  move  foimrcf*  cither  of  tlie  earth's  polra, 
but  in<v«Jj-  t>)  rulHle  imlil  it  i-ocues  to  rest  with  tho  lin«<s  ot 
tli«  autb'H  magnelic  field  posing  through  its  poles.  (Se« 
Pnuji/c,  itajfturtie.) 

i~)f  i!Our«e  ttiia  would  be  true  in  thevaae  of  h  diroofing  riiu^ 
m-t  only   when   it  is  at  a  great  distanon   from   tilt*   mt 
CtbcncBc  there  would  be  attraction  as  well  as  rotntlon. 


» 


Mor,  Amco'M A  oopi«r  or  othi?r  imri-iiit 

metnllin  diw.  whidi,  when  rapidly  rotuUnl  undc-r  a  magn'dla-l 
nmlle.    Hiiiiportcd   iiiilepundently    of    tho    iHn',    mi  if 
iimdle  to  be  deflected  in  the  dii-ectiim  of  roliitiim,  ami,  wtiw 
tile  n-loi-ttv  of  the  disc  is  HulHriently  |fn.>ul.  to  rohili'  M 

Siu-h  n  disc!  is  shown  in  Pig.  1))S,  at  B.  Thu  movpRinnt  c 
the  ii««dlc  in  duo  to  Hptitrin  i^nrrpntH,  iniliiocd  by  thn  dlM 
noTinp  through  the  H^ld  ot  tht  ncrdio  ho  m  to  cut  Iht  line* of 
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DiRe,  Faraday'fi 


EnagTLf>tiir  force.  To  obtain  the  best  results  the  disc  must  move 
very  rapitily,  auiid  should  be  near  the  needle.  Moreover,  the 
needle  should  be  very  powerfuL 

This  effet^  was  discovered  bv  Arago,  in  1824.  Since  a  mag- 
netic neet^ile  moving  over  a  metallic  plate  produces  electric 
currents  in  a  direction  which  tend  to  stop  the  motion  of  the 
needle,  a  damping  of  the  motion  of  a  magnetic  needle  is  some- 
times effected  hj  causing  it  to  move  near  a  metal  plate. 
The  induced  currents  which  the  needle  produces  in  the  plate 
hv  its  motion  over  it  tend  to  retard  the  motions  of  the  needle. 
(See  Damping.    Lenz's  Law.) 

Dine  Armature. — (See  Dynamo-Electric  Machine^  Arma- 
tures.) 

-A  metallic  disc  moviible  in  a 
magnetic  field  on  an  axis  par- 
allel to  the  direction  of  the 
field. 

Such  a  disc  is  shown  in  Fig-. 
139,   and   moves,   as   will  bo 
seen,  so  as  to  cut  the  lines 
of  magnetic  force    at    right 
Fig.  139.  angles. 

The  dilT«*ri»mH>  of  potential  generated  by  the  motion  of  such 
a  disc  nmy  bo  claused  to  proiluco  a  current,  by  providing  a  cir- 
cuit which  is  ivmplettHl  thr\nigh  the  portion  of  the  disc  that  at 
any  nuMUont  of  its  i\>tatiou  is  situated  between  spring  con- 
tacts ivstui^c  ou  I  ho  a\»^  of  rv»tativ>u  and  the  circumference  of 
tho  di.M\  roH|HVtivoly. 

In  /»\tr(*o«'\^  or  Nft^-y»t»Vs  U'Art-/,  Fig.  140,  the  wheel  itself 
ivtrttx^  u\  th^  vtirxvliou  nSov\  u.  \\hon  a  current  is  sent  through 
\X  \\\  Vk  vlu-\vl\ou  uuhcalxsl  b\  thv  am^ws. 

lll»rlHlirn<'%  Vtu«  o^itatt'dattv^u  of  the  difference  of  poten- 
tial tvt>%\sHi  lh*»  tormiUAlH  of  a  wndenser  or  source,  on  their 


ViOBUS,  TBKUS  A 
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The  removal  of  a  charge  from  Uie  rfurfiU'e  of  uny  rhiirgeii 
MHiiIui^r  by  oonnectiog  it  with  the  earth,  or  another  cotidiK.-- 
tw.  tlfacis  fte  discharge. 

The  discharge  of  no  insulated  coaiuctor,  a  cloud,  a  con- 
dnnaer.  or  a  Leyden  battery,  is  but  momentar]/,  and  a  cur- 
rent r«sti]l5  which  rap- 
idly passes  from  its 
JenuR]  value  to  zero. 

The dischargeota  vol- 
taic battery,  or  a  storage 
tiattery,  ix  nearly  i^nntin- 
S,  juid  furnishes  a 
nirrent  which  ie  practi-  ^o-  !'>"■ 

trolly  eontimiouB.  as  distiDguLshed  from  the  momentary  carrpnt 
produced  by  the  dischai-ge  of  a  cottdeoser. 

A  discharKC  may  be  Condw^tive,  Convective,  or  DtHrupth'e, 

DiMchnrge,  Condnctlve A  discharge  effected 

ipy  li'juiiii','  111''  I'harge  off  through  a  I'ODductor  pla<«d  in  coii- 
tw.1  wilh  tlu'  iliiirged  body, 

IHvcbnrgf,  Convectlve The  discharge  which 

Otrurs  frODi  tlio  points  of  a  highly  charged  conductor,  thi-oiigh 
Uw  repalsion  by  the  conductor  of  air  particles  that  carry  oS 
minato  chargrs  therefrom. 

A  conveotive  discharge,  though  often  attended  by  a  feeble 
aound.  is  sometimes  called  a  silent  discharge  in  order  to  dis- 
lioguish  it  from  the  nvigy,  dttruptive  discharge,  which  is  at- 
taaded  by  a  sharp  snap,  or,  when  considerable,  by  a  loud 
nfort. 

A  conveclive  discharge  \»  also  called  a  glinv  or  firunh  di»- 
ehargt.  The  latter  is  hcsl  seen  at  the  ttniall  button  at  the 
iNul  of  the  primr,  or  pogifit-e  condiwlor.  of  a  frictional  electric 
HMchine. 

Th"  pocif I't^  disehargc.  from  a  point  or  small  rounded  con- 
ductor is  always  brimh  tfutped ;  the  ttegattvt  diBcharge  is  al- 
trayn  ilnr  thaped. 


k  tNcnoHuiT  or  rlecthicai. 


^^^H  In  rarcdfd  gaecs,  the  lUarharge  is  oonvectire  in  diararter 

^^H^         Had  prodnoa  ritrious  luininons  effects  ot  great  Ix-nuty,  thf 
^^R  color  of  latijch  J«pendj  oa  the  tdnd  otgaa,  Aadlhe  siKo.tthii] 

^1  and  iiuit«rulof  electrodes..  anduD  the  degree  uttlii* 

^1  ^^^^^^^^^^^^       Thii»,    in    Uie   mrefled   space 

^B  ^^^^^^^^^1       the  shovni 

^H  ^^^^^^^^^^^H        tht>  discbar)^.  hMconMW  un  ovoida] 

^M  ^^^^^^^^^^M        nuuE  o(  light  sainptimoA  rolled  th« 

^f  ^^^^^^^^^^^1       PhQoaojiher't  Egg. 

Whpn  tUe  ilisc^IiAr^rcti  in  mretie 
g«sps  follow  one  another  very  ra| 
iiilj',  alti^rnalionKor  light  and  darl 
ncss.  or  stratification,  or  ttria  ai 
pmiiuced. 

The  hreailLli  ol  the  dark  bBBd 
iaireuNes  ns  the  \-iintuni  beoontMi 
Iti^her.    Tlin  %ht  porttouB  sta 
at  the  pCKUtive  elei^trode,  and  a 
liotter  thon  the  tlark  pctrttons. 

The  effects  of  the  luminous  oo 
Teolive  discharge  are  ttesl  sei 
in  «KliaiKtn1  glass  tubes,  calli 
Gfitalrr  Tabca.  containing  rosidii 
almoHphcres  of  various  gases.  (S 
'''^  "'•  Gfiaater  Tubet.) 

Diarburite,    DtaroplWe The  sudden,  ai 

more  ur  Ichs  c-ompltitc,  dischanps  that  lakes  place  ncro^i 
int*«i'veniiiir  non-condiiclfir  or  dintcctrir. 

A  meclukiiical  xtrttin  of  the  dicl«utric  oocurti.  nliidi 
l]f  pumiits  the  discharge  lu  pass  us  a  spark,  or  nipid  su< 
sion  of  Bparlta. 

In  air,  the  spark,  wheu  long,  generally  takvn  the  xi| 
pulh  an  sbuwn  in  Pig.  143. 

Tbrae  sparks  consist  of  heated  gasM,  and  jmrtioos  of 
winductoi'  ILat  am  wlutilieed  by  tho  heat. 


I 


WOKDB,  TRBMS  i 


IDS 


lite  ditrharye  of  a  Lepden  Jtir  or  Condenser,  may  lie  UiH- 
nipiUTv.aswhcn  tliL-ilis(-liH,r|^u^rodishelcl  withouukiiobcoii- 
ttnlBd  nilliniie  coating',  and  the  other  near  tha  other  coating. 
It  may  lie  irrutliial,  ha  when  t)ip  two  coatings  are  alternately 
cionan-tMl  with  Uio  groimd. 

The  ttrtm  is  often  MiiBlcicnt  to  pierco  Uip  i:;lu.^. 


Fig-  1'^- 

IHtchBrg*^,  Domtion  of The  time  reqiiii-ed 

loi-BiNJl  a  complete  duTuptive  discharge. 

The  disruptive  discharge  is  not  instaataacous ;  some  time 
Is  PD^uiruil  to  HTect  it.  Batimates  of  the  duration  of  a  flash  of 
Gcfalnia^,  bawMon  the  duration  i>r  a  Leyden  jar  discbarge,  are 
nttltuiTiog  from  tlia  enonnous  difference  in  the  quantity  and 
Uic  potent ial  in  tlie  two  iTOses. 

Lwydeii  Jar  dindiarges,  are,  however,  accomplialied  iu  very 
tavail  periotls  of  time. 
Dtadmrs''  Key,— (See  Key,  THsrluirge.) 

WvrtaHrKO,  Liilrral <8ee  Lateral  Ditcharge.) 

DlMriiirKc  OsL-lllatlBg A  number  of  suc- 

-•■aund  recharge  which  occur  on  the  disruptive 
Liiydeu  jar,  or  condenser. 

'  disdiargv  of  a  Leyden  jar,  or  condenser,  is 
.   a  single  rush  of  electricity.     Wlien  discluirgsd 
."lyli  1  BdiiiU  resistiince,  a  number  of  alternate  partial  dis- 
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charges  and  recharges  occur,  which  produce  true  osdUations 
or  undulatory  discharges. 

These  oscillations  are  caused  by  the  induction  of  the  dis' 
charge  on  itself,  and  are  similar  to  the  mutual  induction  of  a 
current. 

Discharger,  UnlFersal (See  Universal  Dis- 
charger.) 

DUchargtng  Rod  or  Tongs.— Metallic  rods  terminated 
at   one  end  with  balls  and  connected  at  the  other  by  a 

awmging  joint,  and  capable  of  mo- 
tion at  the  free  ends  towards,  or  from, 
one  another;  employed  for  the  dis- 
charge of  Leyden  batteries  or  con- 
densers. 

The  insulated  handles  H,  H,  Fig.  143, 
permit  the  balls  at  M  M  to  be  readily 
applied  to  the  opposite  coatings  of  the 
jar  or  condenser. 

Disconnections.  —  A   term    em- 
ployed to  designate  one  of  the  varieties 
of  faults  caused  by  the  accidental  breaking  or  disconnection 
of  a  circuit. 
Disconnections  of  this  kind  may  be  : 

(1)  Total;  as  by  a  switch  inadvertently  left  open  ;  or  by  the 
accidental  breaking  of  a  part  of  the  circuit. 

(2)  Partial;  as  by  a  dirty  contact;  a  loose,  or  badly  soldered 
joint ;  a  poorly  clamped  binding  screw  ;  a  loose  terminal,  or  a 
bad  earth. 

(3)  Intermittent ;  as  by  swinging  Joints;  alternato  expansions 
or  contractions,  on  changes  of  temperature ;  the  collection  of 
dust  and  dirt  in  dry  weather,  and  their  washing  out  in  wet 
weather. 

Dispersion  Photometer. — (See  Photometer^  Disper- 
sion,) 


>«OBl>S,  TERMS  AND  PHRASES.  1 

■ulaled  or  l<alrnt  El«otrirlt]r.~The  conJiii 

B  ^Metric  charge  wlii^n  placed  near  an  opposile  rliiU'gc-. 
LL«7d«n  jnr  or  condensi^r. 

\  th»  case,  merely  touching  one  of  these  chargotl  siii'tiu 
I  not  Pll*ct  its  complete  discharge.     (See  Bmind  au<l  F' 


n  the  condition  of  a  bound  charge  was  lonnerly 
d  latent  electricity.     This  term  is  now  in  disuse. 

Mtion  of  Cbnrgc. — The  gradual  but  final  loss  of 
hchai^  by  Itakage,  wliicli  occurs  even  in  a  ■well  insuiiited 

Is  loM  Is  more  rapid  with  negatively  chai'ged  condui'tohs, 
D  with  those  positively  charged, 

'  es,  of  EngloDil,  hus  retained  a  charge  in  coa<]iii:toi's  foi' 
I,  wlUlOiit  appreciable  lealcage,  by  pla^-ing  the  conductors 
s  in  which  a  high  vacuum  v/as  maintained.    (Hee 
•.Bigh.) 

Ifttion. — The  separation  of  achemica    rom]n>iiinl 
n  ite  eleinenlury  parts  by  tlie  action  of  heat. 

,  Dry  or  D«*Iractl¥e ^Tiie 

a  of  heat  on  an  organic  substance,  wliile  out  of  contact 
Iri  as  a  I'esiilt  ot  which  the  substance  is  decomposed  into 
!r  and  more  stable  compounds. 

>ducta  resulting  from  the  decompoaitioo  may  be  suc- 
y  collected  by  the  ordinary  processes  of  distillation. 

Mllntlon,  Electric The  distillation  ot 

il  tu  whii'h  the  effects  of  heat  are  aided  by  an  electrilica- 
e  U<tiiid. 

k  discovLTcnl   that  an  cli>cti-i(1ed   liciiild   evaporates 
«rq)t<Ilj'  than  when  uoehclriflod. 
btrlbulloii  Box.— (Sec  Box,  DMribiitwn.) 

■Ibiitluii  of  RIcrtrIc  Clinnie.    (See  Ckartje.  T>>*- 

H  Of.) 
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IMAtrtbotioii  of  ElecCrietlf,  Sjriteiui  of.— (See  Sys- 
tems of  Distribution  by  Alternating  Currents; — by  Direct 
Currents,) 

Door^pener,  Electric A  device  for  oi>en- 

ing  a  door  from  a  distance  by  electricity. 

Various  devices  consisting  of  electro-magnets,  acting  against, 
or  controlling,  springs  or  weights,  are  employed  for  this 
purpose. 

Dooble-Carlioii  Arc  lAinp.— An  electric  arc  lamp 
provided  with  two  pairs  of  carbon  electrodes,  so  arranged, 
that  when  one  pair  is  consumed,  the  circuit  is  automatically 
completed  through  the  other  pair. 

Dooble-Oontact  Key. — (See  Key,  Double-Contact.) 

Double-Current^  or  Reveme  Current  "Working. 

— The  employment,  in  systems  of  telegraphy,  by  means  of 
suitable  keys,  of  currents  from  voltaic  batteries,  in  alternately 
opposite  directions  thus  increasing  the  speed  of   signaling. 

Double -Fluid  Electrical  Hypothesis.— (See  Elec- 
tricity,  Hypothesis  of,) 

Double-Fluid  Toltalc  Cells.~(See  Voltaic  Cells,) 

Double-Refk'actlon.— (See  Refraction,  Double,) 

Double-Refraction,   Electric (See   Electric, 

Double  Refraction,) 
Double-Touch,  MagnetlaEatlon  by A 

method  for  producing  magnetization  by  the  simultaneous 
touch  of  two  magnet  poles.  (See  Magnetization,  Methods  of ) 

Doubler  of  Electricity. — An  early  form  of  continuous 
elctrophorus,    (See  Electrophorus,) 

Drill,  Electr€>-]IIagnetlc A  drill,  applied 

especially  to  blasting  or  mining  operations,  operated  by 
means  of  electricity. 

Drum,  Electro-Magnetic A  drum,  used  in  feats 

of  legerdemain,  operated  by  an  automatic  electro-magnetic 
make  and  break  apparatus. 


\ 
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Drum  or  Cjriinder  Armulure.— An  armature  for 
d;uiLnio-<4&(;tnc  machine,  in   wliii^li  the  coils   ai-e   wrapped 
uTouDd  llie  outside  of  a  hollow  cylindrii.'al  or   drum-shaped 
cortt-    (See  Dynamo-Ehctrv;  Machine,  Artnaturea  of.) 

I>rr  me. — A  voltaic  pile  or  battery  consisting  of  ni 
cells,  the  voltaic  couple  in  each  ot  which  consists  ot  sheeta  at 
pUpPT  covered  with  zinc-foil  on  one  side,  and  black  oxide  ol 
nutngancse  on  the  other. 

Various  modifications  o(  the  above  are  possible. 

Ihiplex  Telegraphy  .—Devices  by  means  of  which  twa 
ninssagres  can  be  siinultaneoit^ty  seut  over  a  single  n 
opiHJsite  directioca.     (See  Telegraphy,  Duplex.) 

Duration  of  Electric  DUcIiarge.— (See   Discharge, 
Ifuratimof.) 

Dyad, — A  dyad  or  bicalent  element,  is  one  which  has  tioo- 
Uind»  by  which  it  caa  unite  or  cuiiibine  with  another  element. 

An  element  whose  alomunty  ia  bivalent. 

Dreinc,  Electric The  application  of  eledrici^ 

k)  the  redurtion,  or  the  oxidation,  of  the  aniline  sattR  uaed  ii 
dyrtng. 

OoppelsrOder.  in  his  processes  of  electro-dyeing,  fonns  and 
fixes  aniline  bliu;k  on  cloths  as  follows;  viz.,  the  cloth,  ut Of 
nil«d  with  Aniline  salt,  is  placed  on  an  insulated  metallle 
plat«.  Inert  to  the  aniline  salt,  and  connected  with  on 
of  a.  balt#ry  or  other  electric  source.  Tlie  other  pole  is  coo- 
Dcetod  with  n  metallic  plute  on  which  the  required  design  li 
dtawo.  Oil  llie  pns.siig«  ot  tlie  current,  the  design  is  traced  In 
Miilinn  bLa«k  on  the  cloth.  A  minute  or  two  sultlcna  for  tl 
operation. 

A  •pecins  of  oleclrolytic  writing  is  oblajned  on  cloths  a 
rmagitd  aaubovvby  sub'^lilutingn.  carbon  jiencil  for  the  metnl 
plalv.  On  writing  with  this  pencil,  as  with  an  ordinary  penc 
thfl  [lOMagc  o(  the  current  so  directed,  is  followed  by  the  d 
pMftiOH  of  aniline  black. 
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By  means  of  a  somewhat  similar  process  writing  in  white 
on  a  colored  ground  is  obtained. 
Dynamic  Attractloii«— (See  Attraction,  Dynamic.) 
Himamio  Eleetrlelty.— A  term  formerly  employed  for 
current  electricitif.    Now  going  out  of  use. 

Dynaml^M*  Electro —(See  Electro  Dunamics.) 

Dynamo  Balterjr.— (See Battery,  Dynamo.) 
Djrnamo-Elcctric  Haclline.— A  machine  for  the  con- 
version of  mechanical  energy  into  electrical  energy,  by  means 
of  electro-magnetic  induction. 

The  term  is  also  applied  to  a  machine  by  means  of  which 
electrical  energy  is  converted  into  mechanical  energy  by  means 
of  electro-magnetic  induction.  Machines  of  the  latter  class, 
are  generally  called  motorSf  those  of  the  former,  generators. 

A  dynamo-electric  generator,  or  a  dynamo-electric  machine 
proper,  consists  of  the  following  parts,  viz. : 

(1)  The  revolving  portion,  usually  the  Armature,^in  which  the 
electro-motive  force  is  developed,  which  produces  the  current. 

It  must  be  borne  in  mind  that  it  is  not  current  but  differ- 
encee  of  electric  potential,  or  electro-motive  forces,  that  are  de- 
veloped by  any  electric  source  from  which  a  current  is  obtained. 
For  ease  of  reference,  however,  we  will  speak  of  an  electric  cur- 
rent as  being  generated  by  the  armature,  or  source.  No  ambig- 
uity will  be  introduced  if  the  student  bears  the  above  in  mind. 

(2)  The  Field  Magnets,  which  produce  the  field  in  which  the 
armature  revolves. 

(3)  The  Pole  Pieces,  or  free  terminals  of  the  fleld  magnets. 

(4)  The  Commutator,  by  which  the  currents  developed  in  the 
armature  are  caused  to  flow  in  one  and  the  same  direction.  In 
alternating  machines  and  some  continuous  current  dynamos 
this  part  is  called  the  Collector. 

(5)  The  Collecting  Bruslies,  that  rest  on  the  Commutator 
Cylinder  and  take  off  the  current  generated  in  the  armature. 

D|mamo-Electrtc  Maclilne,  Armature.— The  coils 
of  insulated  wire  and  the  iron  core  on  or  around  which  the  coils 
are  wound. 
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msd  thick  ofi   will  enable  the  desired  ciirrnnt  to  be  obtaini^d 
wiihont  exct^ssive  speed  of  rotaUon, 

The  urmature  coils  should  enclose  oa  many  lines  o[  force  as 
possible  (i.  e.,  they  should  have  as  nearly  a  circular  outline  as 
pOHsible).  In  druiD -armatures,  the  breadth  should  oearly  equal 
ihe  length,  unless  other  considerations  prevent. 


When  the  armature  wire  consists  of  rods  or  bars,  it  should 
be  laminated  or  slit  in  planes  perpendicular  to  the  lines  of 
force  BO  as  to  avoid  eddy  currents.  The  greater  the  number 
of  cqUb,  other  things  being  equal,  the  more  unitonn  the  cur- 
rent generated.  The  separate  coils  should  be  symmetrically 
disposed,  otherwise  irregular  induction,  and  consequent  aparfc- 
ing  at  tiie  commutator  results. 

The  coils  of  pole-armatures  should  be  wound  near  the  poles 
ratherthan  on  the  middle  of  the  cores.  In  oi-dor  to  avoid  undue 
heating,  spaces  for  air  ventilation  are  not  inadvisable.  Vari- 
ous conaections  ot  the  armature  coils  are  used. 

In  some  machines  all  the  coils  are  connected  in  a  closed  dr- 
cuil^  In  some,  the  coils  are  independent  of  one  another,  and, 
either  for  the  entire  revolution,  or  for  a  part  of  a  revolution, 
are  on  an  open  circuit. 

In  alteraatiiig  current  dynamos  in  order  to  obtain  the  rapid 
reversals  or  aIt«nifttions  of  current,  whi«h  in  some  machines 


re aahig^  at  13,000  per  minute,  amimber  of  poles  of  alternuTe 

Mlarity  are  lainjiloyed.     The  sepa^rate  coils  thut  are  used  on 

I  MTOature  may  be  coupled  either  :'  ' 


^  Where    a     comiiaralively 

<t  electro-motive  force  is 

font,  BUch  as  for  infan- 

ent  lamiis  in  inulliple- 

,  the  eeporate  coils   are 

'  I  parallel ;  but  for 


ible  «lec1ro-niotive  force  is 
for  ex».,pl.. 
[In  sfBt«nis  of  alternate  cur- 
K:teiit  distribution,  with  con- 
ton  at  considerable  dis- 
tance from  the  generating, 
.lileroating  purreat  dynamo,  t 
^•.■nes,  as  sfaovn  in  Ihe  Fig.  147. 


Tlir 


Tlie  uriiiature  core  is  laminated  for  tlie  piirpoBe  of  avoiding 
llie  turmation  of  tddy  evrrenta. 

In  drum,  anil  in  ring-armature*,  the  InminiB  nhould  be  in  thi- 
InriDorthln  insulated  discB  or  plates  of  soft  iron  ;  in  pole-arma- 
fiireitliry  should  lie  in  the  form  of  hnndk-sof  inaulaf^td  wires. 

The  iixin  in  th«  cores  should  l>e  of  such  an  ai'ea  of  cross 
"tIIdb,  uh  not  to  be  readily  overauturated. 

UyHamo-Klevtrlt^    Machine,   Cause   of  Carreni 

:.'cnorai«.'d  by The  currtnf  developed  in  the  arma- 

,  r,:  raili  is  diit^  to  the  cutting  of  the  lines  of  uiagnctit.'  force 
'  i(k  iMilby  theeoilsdui-ing  tliL-  rotiilion  r>f  llje  armntun^.    _■ 
If  a  (oop  of  wire,  whose  (■nil.i  are  connet:loii  lo  Ihe  Iwo-po 
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C'omniutaU>r,  sliomn  in  Fig.  148,  tie  rotated  in  f.ht;  uui^nt^Ul 
field  between  the  magnet  poles  14  and  S,  inlhediret-'tionoftt 
J  large  a 

rents  will  be  gel 
i-raUd  which  w 
How  in  the  dii-«c 
S       Ulr"^^t|[i^     )      N  g  tion indiuatod  1^ 

the  small  n 
during  itsntotiiM 
past  Iho  t 
I>ole  from  the  Uip^ 
to  the  bottom,  but  in  the  opposite  diret-tiun  diiriug  its  n 
past  tlia  south  pole,  from  the  bottom  to  the  top,  IT  no 
brushes  rest  on  the  com-  ^^„ 

mutator  in  the  position 
shown  in  the  Fig.  149.  the 
vcrlicul  line  of  the  gap 
between  the  poles  t<)r re- 
sponding- with  the  vertical  ^^^^fc- "V.'  f^^'/  J 
gap  between  the  commu- 
tator segments,  tlie  cur- 
rents ^nf  rated  in  theloop 
will  he  caused  to  How  in  one  and  I1if>  same  direction,  axti 
D'  will   lieonmt!    the   positive   brush   since   the   end   of    ' 

loop  is  connected  wit)!^ 

only  so  long  as  itl§  pcM 

'•'■/"/ •J^.^^^^^K    tivp.  Aasoonnstthecam 

1    'X'^B^SH    negutive,  from  tho  i^uiTent 

■fe^y  .f  '  I^^BM    in  the  loop  flowing  In  Uio 

Jh-    /y    ^^^^^M    "I'P"^"''-'  dirctrtion,  the 

^//  ^^tf^^^^l   ''^'"'''  '*"<'•  ^hicli  is  then  J 

^^^la^^^^    positive,  is  ixinaectwd  wlt^ 

the  positive  brDsh. 

f\v.iio.  A  aim"' 

changes  oti'ur  at  the  negative  brush,  B. 

Thcori>tii:ally.   the  neutml  points,  wlwre  1 
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wouUJ  he  In  the  vertical  line  coinciding  witli  tlwt  of  tlie  gap 
Wtwe«n  tlie  i>o\ini.  An  fospedioa  of  tiie  figure  eIiowh  tliut 
[|io  \eutral  Line,  or  the  Diameter  of  Comiimtatiim,  is  dia- 
pl:u^  in  tiie  direction  of  rotation.  (See  Diameter  of  Cum- 
mHtatitm).  Thv  displacement  of  the  bruBhex,  no  necessitated, 
is  called  the  lead.  The  cause  of  the  leud  is  the  reaction  that 
occuK  between  the  magnetic  poles  of  the  field  magnets  and 
thoKB  of  the  armature,  the  result  of  which  is  to  displace  the 
field  Ringnet  poles,  and  to  muse  achangein  the  density  in  the 
IW'ld.  This  isaiiowninFig.  ISO,  where  the  dcnaitj  of  the  lines 
of  force  indicates  the  position  of  tlie  diameter  of  commutation 
03  bring  near  n  »,  or  ut  right  angles  to  the  diameter  of  greatest 
Kvi^ra^e  magnetic  density.  The  ■magnetic  lag  also  influences 
Ihe  {Hisitive  of  the  neutral  line.    (See  Lead.    Angle  of  Lag.) 

|l]rmRBi€>-Eloctrlo  MuchlDe,  Collecling  Brutbes. 
— MetJillic  brushes  which  bear  on  the  commutator  cylinder, 
and  bike  oR  the  current  generated  by  the  differenue  of  poten- 
tial m  tbi-  armature  coils.     (See  Brusfied,  Collecting.) 

Djmatno-Electric  Machine,  Commutator.— The 
put  ot  a  dynamo-electric  niatrhine  which  is  designed  to  cause 
thn  alteruntiug  currents  produced  in  the  armature  to  flow  in 
fivf  and  th<'  same  direction  in  the  external  circuit 


Tbir  cliMWder  ol  the  commutator  Jepcnils 
int.  and  number  of    armature   cult) 
trottim  magnetic  field. 


SM 
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In  actioo,  the  commutator  is  lubject  to  wear  trom  theMoUon 
of  the  brushes,  and  the  bumin{/  action  of  destructlTe  sparks. 
The  commutator  n^menta  are,  therefore,  made  of  compara- 
tively thick  pieces  of  metal,  insulated  from  one  another,  and 
supported  on  a  commutator  igrliader  usually  placed  on  the 
shaft  of  the  armature. 

The  enJs  of  the  armature  coils  are  connected  to  commuta- 
tor strips  or  BCgmenta. 


Pig.  i«.  -nc-  '^ 

Figs.  151.  152,  and  153,  show  the  connections  of  an  arma- 
ture coil  to  Iho  plates  of  a  tuv-part  commutator.  (See  Ctom- 
mutator.) 

The  connections  ota  four-imrt  conimulator  tor  a  ring  arma- 
ture, anil  the  connections  of  the  coils  are  shown  in  the  an- 
neiced  Fig.  154. 

The  commutator  Htri)M  may  eithi-v  connect  the  separate 
coils  in  one  closed  circuit,  in  which  tlie  coils  ura  all  connei'ted 
with  one  another,  or.  in  an  0|)en  circuited  armature,  the 
separate  coils  are  independent  of  one  anotlier. 

D|iUM>o*Electrlo  Machine,  FIrld  Havnets.— The 
electro  magnets  employed  to  produce  the  mag^ietic  field  of  a 
dynamo-electric  machine. 


WOBOBi  TBRII  8  AKD  PBSASEE. 


SOS 


e  Bold  ningoets  consist  of  a  sviitjihin  friimr,  or  core,  on 

)l  theJUld  Tnagact  coU»  urt:  wouud. 

Tlie  JtrM  magnet  cores  are  made  of  thick  unil  solid  iron,  as 

Mfl  OS  poBsible.     Tliejr  should  contiUD  plenty  of  uvd  in  order 

lo  avoid  too  reutly  magnetic  aaturatioTi. 

All  edges  and  foi-uers  are  to  be  avoided,  since  they  tend  to 

I  jri'egulai*  djatribulion  of  the  Held, 


Fis-  'M-  Fig.  loB. 

Bia  field  magnets  should  have  sufficient  mognetic  strengtli 

irent  the  iiiaenetMiufc-   I'ffect  of  the   armature    from 

biy  influencing  the  Held,  and  ttius.  by  eausiDg  too  great  a 

^^3.,  produc^e  injurious  »/jiirfci'7iy. 

[>ju«nia-Elc<-lrle  Klacliliic,  9fe(liod«  of  Incrcas- 

I  "K  Ih*"  Eleclro-Mollvp  Force  generated  by 

t  idLL-L/a-niolivc   foiveiif  ;i  dynanio-eleotrii!   mucliiiie   may 
<1  in  tlio  fidlowinfe'  ways,  viz.; 
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(1)  By  increaaing  its  Spec^  ot  Rotation. 

(2)  B.v  iniTCasing  the  Strength  of  the  Magnetic  Field  be- 
twiM'd  whk-h  the  annature  rotates. 

(3)  By  increasing-  the  Size  of  the  Field  through  which  the 
nnnatiire  jiuxttcs  in  imittime,  the  intensity  remaining  the  same. 

(4)  By  increasing  thfi  Number  of  Armature  Windings,  i.  e., 
by  malting  muTCCssive  parts  of  the  eame  wire  pass  simultaae- 
ouslj  through  the  field. 

(5)  By  increasing  the  Number  of  Fieldn  passed  through  by 
the  Home  wire, 

Dynamo-Electiio  Blaclilne,  Pole  JPIe««fl,— Massive 
pieces  of  iron  placed  on 
the  poles  of  the  field  mag- 
nets of  dynamo-electric 
machines,  to  define  and 
limit  the  magnetic  Held. 
The  pole  pieces  should 
be  of  massive,  soft  iron. 
They  are  sometimes 
laminated  so  as  to  avoid 
eddy  currents.  Whende- 
signed  to  produce  a  uni- 
form field  they  must  ex- 
tend on  each  side  of  the 
ai-matui'c,  but  not  too  far, 
el.se  a.  loss  will  be  occa- 
sioned by  the  lines  of 
miignytii:  force  closing 
directly  tlirough  the 
Ftr/.  IS7.  edgnsof  theoppositepolo 

pieces,  instead  of  through  tiie  nrmuture. 
Drnamo-Eleclrlc  nachineR,  Compound  Wound 

Machines  whose  field  mugnetsare  excited  by  more 

than  one  circuit  of  coils,  or  by   more  thun  a  single  electric 


Compound  dynai 


e  of  two  claa 
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(1)  Those  ileBi|,-ned  l<t  produc 
<Z)  TliOBC  designed  to  produc 
For  Ctmaiani  Polential. 
The  combiDatiOD  ot  a  Series  and  Separately  Excited  nia- 
rhine  id  shown  in  Fig.  105.     The  field  is  in  aeries  with  the 


nrainlure,   bul   has  e 
con. 

The  oumhiiMiUmi  of  a 
SrrieK  iind  Shunt  machine 
Fiioures  the  excitatioa  ot 
the  fleld  both  b;  the  main 
nod  hy  a  aiuxaled  current 
S  u  e  h  a  combinatioa  19 
shown  in  Fig.  156. 
For  Cemalant  Current 
Th«  combination  of 
nl  and  sejiarnlelf/  ejr 
tf  macbini: is sha» n  in 
r.  187.  In  this  [iiu<  hull 
>  Q«ld  in  excit<.'d  U 
r  a.  shunt  lu  tin, 
1  circuit,  und  by  a 
it  produced  by  a  sep- 

'   combination  of   a 

SI  and  Mngntlo  3ta- 
»  shown  In  Fig.  151!. 
it  rurrenl. 


I   additional  and  separate  excnta- 


Fig.  la. 
),  ia  designed  to  give  a 


GIrrirlo  narhlneit,  VarloUvs  of 

^■fjf.ctrie    iiiacliinex     may    be  divided    into   dillerent 
I   wliich   their  flcid   mag- 


^ Serit»  ly^jnamn.  Pig.   159,  tlie  armature  ciri/iiit  ia  cou- 
d  In  Berira  wIlli  the  Held  circuit:  therefore  the  entire  arm- 

III  iiiiif;!.  [l!u^J  iltroitgh  the  field  coils. 
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In  :i  Skicnt  Dynamo,  Fig.  160,  thu  Held  ma^et  coils  ore 
plaii'ii  ill  iiHhuntto  the  external  circuit,  bo  that  only  a  por- 
tion of  the  current  generuted  in  the  armature  passes  throu);h 
Uu!  fit-Id  magnet  coils,  but  all  the  difference  of  potential  of  the 
armature  acta  at  the  terminaJs  of  the  field  circuit. 

In  a  Separately  Excited  Dynamo,  Fig.  161,  the  field  magnet 
iMiil<i  have  no  connection  witli  the  armature  coils,  but  receive 
their  (current  from  a.  sepanite  miirhine  or  source. 


The  Magtteto-Eleclric  ttimliiuo,  Vi^.  1G3,  has  no fii-Id  niiigiict 
coils,  its  field  beiog  due  to  parmaiiout  stei'l  mui^cts. 

The  author  lias  collated  the  above  on  dyiiaiuo-elcutrii; 
machines  largely  from  S.  1*.  TliompHon'a  a<)iiiiral>le  book  cm 
" Dyniuno-Eledrio Machinery,"  third  edition,  to  wliicli  tUn sin- 
dent  is  referred   tor  further  i>articulai-a   of   coiiatruction  or 


)  Hering'a  "Principles  of 


—A  term  Boinetimes  appUed  to  a  type- 
iog  teleg^niph  tliftt  recoi'ds  the   message  in  type-writtea 
h  both  at  the  sending-  and  the  receiving  ends. 


IE 


ftg.  mi. 

m  drivin^f  piilley  ia  shown  at  A.  and  the  driven  pulley  at 
HTci^ts  bung  at  Q  are  varied  so  as  to  maintain  the  axes 
Ike  mipended  pulleys,  D  and  B,  sm  nearly  a.s  possible  at  the 
)  bejg)lt  Then  the  tension  T,  and  T,,  ol  tho sides  O  and 
iCUic  belts,  will  be  represented  by  the  following  equation: 

P  — Q 
^^T,  —  ' — 2 — '  from  which,  [mowing  the  belt  speed,  tiie 

»  power  may  be  deduced. 

nomeier,    Eleviro A  form  ol  galvan- 

T  tor  the  nicatiureoieut  of  dcctric  currents. 
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In  Siemens*  Electro  Dynamometer,  shown  in  Fig.  164, 
there  are  two  coils ;  a  fixed  coil  C,  secured  to  an  upright  sup- 
port, and  a  movable  coil  D  ^consisting  often  of  but  a  single  turn 
of  wire.  The  movable  coil  is  suspended  by  means  of  a  thread 
and  a  delicate  spring  S,  capable  of  being  twisted  by  turning 
a  milled  screw-head  through  an  angle  of  torsion  measured 
on  a  scale  by  means  of  an  index  connected  to  the  screw-head. 
The  two  ends  of  the  movable  coil  dip  into  mercury  cups  so 
connected  that  the  current  to  be  measured  passes  through  the 
fixed  and  movable  coils  in  seiies. 

When  ready  for  use,  the  movable 
coil  is  at  light  angles  to  the  fixed  coil. 
The  current  to  be  measured  is  then 
sent  into  the  coils,  and  their  mutual 
action  tonds  to  place  the  movable  coil 
parallel  to  the  fixed  coil  against  the 
torsion  of  the  spring  S.  The  amount 
of  this  force  can  be  ascertained  by  de- 
termining the  amount  of  torsion  re- 
quired to  bring  the  movable  coil  back 
to  its  zero  position. 

M^'V4'^-^S-rfO      Since  the  same  current  passes  through 
'^   ^"^^^   both  the  fixed  and  movable  coils,  and 
^'  ^^**  they  both  act  on  each  other,  the  deflect- 

ing force  here  is  evidently  proportional  to  the  square  of  the 
strength  of  the  current  to  be  measured.  The  deflecting  force, 
and  consequently  the  current  strength,  is  therefore  propor- 
tional to  the  s(iuare  root  of  the  angle  of  torsion,  and  not  di- 
rectly to  the  angle  of  torsion. 

Dyne. — The  unit  of  force. 

The  force  which  in  one  second  can  impart  a  velocity  of  one 
centimetre  per  second  to  a  mass  of  one  gramme. 

Earth  Circuit  or  Ground  Circuit.— (See  Circuit, 
Grounded,) 
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Earlb  Currenlit. — Electric  currents  flowing'  throtig-h 
different  parts  of  tJie  earth  oaused  by  a  difference  of  pol»;nUai 
■tdjffU^nt  paTi.%. 

Ttiecausta  of  these  difCerenuefi  of  potential  » 

Earth,  Dead  or  Solid 

H8ee  Barttu.) 

Earth  or  Ground.— The  eajih 
or  gKiim'l  which  (onus  part  of  un 
i-Iwtrio  circuit 

A  circuit  ia  put  t«  earth  or  gnmiifl 
■•lien the  eiirlh  is  used  for  a  portion 
I'!  the  circuit. 

Th«  resiBtanco  of  an  earth  cim- 
netjUon  may  vary  ia  time  fi-om  tlio 
(ollowin^  causes,  vIe.: 

(I)  The  corrosion  o(  the  plHte. 
TUs  ia  especially  apt  to  occur  in 
llw  tmae  of  a.  copper  plate. 

(8)  From  polarization,  a  counter 
'IcCtro-niotive  force  being' pi'oduL'ei!. 
tlius  inlroduting  a  tpuriona  reMiet- 
inre.    [See SpuHoug  Beaistance.) 

Eartll,  Partial  —(See 

Earth: ) 


Earth,  SningltiK 

Kartha.) 

la. — Faults  iu  lekgi-jph 

•*  cuuiwd  by  accidental  c 

L  of  line   with  tlie  ground 


—(See 


r  'EwthR  arc  of  three  kinds,  viz.;  'V  'Si. 

,   0>  Total,  or  Dead  Earth,  where  the   wire   is   thoroughly 

_  «1  or  connected  with  tlie  eurth. 

-   (S)  PariUH  Earth,  or  where  the  wire  ie  in  imperlect  oo»- 

wctloa  with  the  earth. 


su 


i  DiCTKMtAaT  Of-  nxcTKiou. 


(,y)  Intermillent  Earth,  ae  when  the  wire  inukcs  inlcrmittcnU 
conluct  u'itli  tilt!  earth  by  the  lu'tion  of  Uie  wind,  or  b/B 
ucua&ioiiul  cxpunsion  by  hi^at. 

IStionUo  or  Tulvnalte, — A  black  variety  of  hard  rubbecl 
which  possessis  high  powers  of  insuliuion  luid  specific  indu^ 
tivi.'  capacity. 


Vulcanite  rubbed  with  iivl'Skmiu.tHasi  n    ut  tlur  best  kaowi^ 
suhstant<e(i  (or  becoiiiiiifc  electrifled  by  rrlti.ioii      f'lr  I  hi 
pose  it  abould  be  thgroughly  dried> 
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*  Cronomir  C'oeflUclcnl,  or  Efficiency  of  a  D}-nanio. 

"— (Seu  Ciwjffcwnf,  Econoviie,  of  a  Dyniiino.) 

EOtect,   Eillaon An  electric   discliarge   between 

OUR  ot  tlic  t^rmiuals  of  till-  iiicandcHcenl  niamenC  of  the  elec- 
trir  lamp,  iinil  u  inotalUi:  plate  placed  near  the  fllamt-nt  but 
iliscoanoctvd  thi-n-from,  ns  soon  as  u  oertoin  difference  of  |io- 
lential  is  reached  betweeo  tlic  lump  terminals. 

The  pffeot  ot  the  discharge  is  to  produce  a  curreDt  in  a. 
lircuit  connected  to  one  pole  of  the  lump  lemiinnlH  iiml  the 
metallic  plute,  &s  may  be 
ihown  by  means  ot  agal- 
vanotDelvr. 
ESkivl,  Hall  — 
~  n  effect  produced  hyf 
King  a  very  thin  mc 
"ie  (trip,  conveying  a 
peclric  current,  in  !v 

long  niugnetiL-  Held. 
r  The  cn«B  A  B  C:  D.  Fig. 
:ut  out  ot  a  gold 
l«af  iir  other  veiy  tiiiu 
metallic  sheet.  The  ends 
A  and  B  are  ctinnected 
iritli  tlic  terminaU  of  a 
lattery  8,  and  C  and  D 
wiUithcgalviuioaiet«rO. 
I  SoDc  of  the  batterj-  cnrre 
pIvaooDietcr. 
r,  now,  the  metallic  cross  be  placed  in  a  powerful  mat''"^'"' 
I,  the  lines  of  force  ot  which  are  perpendicular  to  the  plaim 
|ttfaecro«s,lhe  deflei^tion  ot  Ihe  giilvanomet^r  needle  will 
w  the  existence  of  a  cuircnt,  wliidi,  it  the  battery  current 
sin  thn direction  of  the  arrow,  or  Irom  A  lo  B>i(  tlie  iines 
Pmaeneili^  torco  pusBthrou^-h  Uu-  lent  from  ihi^frmil  liithf 
leaf  the  shirel.  wlien  the  cross  is  formnd  of  gold,  ^ilvei-, 


a  tlieretorc  How  through  the 


m  A  tncfnoniASLit  6r  taMsttatAL 

platinum  or  tin-foil,  will  flow  through  C  D,  from  C  to  D,  butia 
the  opposite  direotion  if  formed  of  iron.  These  effects  cease 
if  the  conductor  is  increased  in  thickness  beyond  a  certain 
extent. 

Bflfect,  Joule ^A  term  applied  to  the  heat  de- 
veloped in  a  conductor  by  the  passa^  through  it  of  an  elec- 
tric current. 

The  rate  at  which  this  occurs  is  proportional  to  the  resist' 
ance  of  the  conductor  multiplied  by  the  square  of  the  current, 
(See  Heat,  Electric.) 

BflRect,  Peltier The  heating  effect  produced  by 

the  passage  of  an  electric  current  across  a  thernio^ectric  junc- 
tion.  (S«*e.  Junction,  Thermo-Electric.) 

Thft  passage  of  the  current  aiToss  a  thermo-electric  junction 
produces  eitlier  heat,  or  cold.  If  heat  is  produced  by  its 
passage  in  one  direction,  cold  is  produced  by  its  pa:«age  in  the 
opposite  direction.  The  Peltier  effect  may,  therefore,  mask 
the  Joule  effect. 

The  Peltier  effect  is  therefore  the  converse  of  the  thermo- 
electro  effect,  where  the  uneqal  heating  of  metallic  junctions 
produces  an  electric  current.  (See  Effect,  Joule ;  Effect, 
Thomson.) 

The  quantity  of  heat  absorbed  or  emitted  by  the  Peltier 
effect  is  proportional  to  the  current  strength,  and  not,  as  in 
the  Joule  effect,  to  the  square  of  the  current. 

Eflteet,     Photo-Voltaic (See     Photo-Voltaic 

Effect,    Selenium  Cell,) 

Eflteet,  Tbomson A  term  applied  to  the  increase 

or  decrease  in  the  differences  of  temperature  is  an  unequally 
heated  conductor,  produced  by  the  passage  of  an  electrical 
current  through  the  conductor. 

The  effects  vary  according  to  whether  the  current  passes 
from  a  colder  to  a  hotter  part  of  the  wire,  or  the  reverse. 

These  effects  differ  in  direction  in  different  metals,  and 
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nt  in  lead.    Thomsoo  has  pointed  out  the  similarity 

this    species    ot    tliermo-cloctric    phenomena,   and 

ai»  bg  }mat,  or  the  phenomena  ol  a  hquid  circiilalin^' 

led  rectua^uliU'  tube,  under  the  iaUuenoe  of  difference 

ffraturu,  t'n  which  the  heated  /luld  givet  out  heat  in  lh<: 

eeeler  yarln  of  the  circn/I.  and  taken  in  heat  in.  the  warmer 

li-tH*.    This  would  presuppose  tliat  positive  electricity  eiirrie!^ 

bait  in  copper  lil<e  a  real  fluid,  but  that  in  iron  it  acta  as  though 

^_itB  specific  lieat  were  a  negative  quantity,  in  which  respect  it 

Hpnnlike  a  true  fluid. 

^B|^"We  may  express"  says  Maxwell  "  both  the  Peltier  and  the 
^^^llMiisAn  elTecta  by  Elating  that  when  au  electric  current  is 
T^SOwing  from  places  of  smaller  to  places  of  greater  thermo- 
rlectric  power,  heat  ia  absorbed,  and  when  it  is  flowing  in  the 
Kfnnc  direction  heat  It  generated,  and  this  wlietlier  the  dif- 
ference of  thermo-electric  ]>ower  in  tiie  two  places  arises  from 
k  difference  ia  the  nature  of  the  metal,  or  from  a  difference  of 
temperature  in  the  same  metal." 

ElBclencjr  of  Converviou  oT  Dynamo The 

■  total  electric  energy  developed  by  a  dynamo,  divided  by 
sclianical  energy  required  to  drive  the  dyn:vmo. 
e  Coeffleient,  Eiconomie,  of  Dynamo.) 
I  EOielencjr  of  DynBino^— (See  Coej^cienf,  Economic  of 
o.) 
Cnlor«BCencC. — The  urystatlization  ol  a,  salt,  above  the 
le  of  liquid,  on  (he  surCai^u  of  u  vessel  containing  a  saline 
IPlntlon. 

I  The  liquid,  by  capillarity  in  a  porous  vessel,  or  by  adhe- 

a  in  an  impervious  vessel,  rises  above  the  level  of  the  main 

hluld  tine  and,  evaporating,  deposits  crystals  on  the  vessel. 

rhii  process  in  technically  called  creeping,  and  is  often  the 

lun  nf  much  annoyance  in  voltaic  cells. 

Bh,  Pbllo»opher'a (QeeDiKkarge.Convective.) 

Elrcfrl«  Altanrpttoii.— <^ee  Abvirplioii.  Bltctrie.) 
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Electric  Aiarm.— (See  Alarm.  Eleiiric.) 
Blecaic  AntBl|[am.— <8e«i  ^m^j7uin,  Eleetrie.) 
Electric  Analfsli.— (3ae  Analgsit.  Eleelric.) 
Electric  Aancallng.— A  process  for  unacaling  metals, 
la  which  electric  hea.tta^  is  substituted  [or  ordinary  heating. 
electric  Batterr.— (See  Battery.  Eleetrie.) 
Eleotiic  Blaming.— (Se<.-  Btnsting.  Eleetrie.) 
Electric  Bloaclilng.— (See  Blenching.  Electrui.) 
Electric  Blow-Pipe.— (See  Blow-Pipe.  EUetrie.) 
Electric  Boat.— (See  Boat,  Eleetrie.) 
Electric  Bobbin.— <  See  Bol}bin,  Eleetrie,  j 
Eleclrlc    Body    Protector.  —  (See    Bodg    Proteetor, 

Electric.) 
Electric  Boiler  Feed.— (See  Boflcr  Feed,  Electric) 
Electric  Bridge— (See  Bridge,  Electric.) 
Eleclrlc  Buoy.— (See  Buoy,  Eleetrie.) 
Elcolric  Burner, — (See  Burner,  Eleetrie. } 
Electric  Buxzcr. — (See  Burner,  Eteotrie.) 
Eleclrlc  Calorimeter. —(See  Calorimeter,  Electri&) 
Electric  Canlcrj-,— (See  Cautery,  Eleetrie.) 
Electric  Charge,— (See  Charge,  Electric.) 
Eleclrlc  Chlmeit.— (See  Chimes,  Eleetrie.) 
Eleclrlc  Chronograph.— (See  Chronograph,  Electric) 
Electric  Chronoscope.— <Si'e  Chnmoxrope,  Eleetrie.) 
Electric  ClepHj'dra.— (Sea  Cleprydm,  Eleetrie.) 
Electric  Clock.— (See  Clock,  Eleetrie.) 
Electric  Coll.— (See  Cmt,  Eleetrie.) 
Electric  Column.— (See  Oalumn,  Electric.) 
Eleelricall)-   Controlled    Clock.— (^ol-    nioak^ 

trolled.) 


woftm.  ttsUs  Aim  pffluscR.  3i? 

rrtnc- Controlling  Clock.— (See  Ctork,  ConI  rolling.) 
^Kl«M'lHf  4^n<rectlon  of  Heal.— (See   ConvKclion   n/ 
Bent,  J:irelrie.) 
Elrclrio  C^rd*.— (See  Cords.  £lectrii:] 

pIc  Counter, — (See  Counter,  Electric.) 
rtr  Crou».— (See  Cross,  Electric.) 
ICIerlrl«  Crucible.— (See  Crucible,  Electric.) 
felcclrlr  Curronl.— (Sep  Current,  Electric.) 
Blf'^trtr    DccorapuNitloil.— (See  DecomjmBifibn.    Elec- 

B'Kic«trir  Depoillion.— (Seu  Deposition,  Eleelric.) 
Elcclrir  DliiUllallon.— (See  Distillation,  Electric.) 
CIvrlHo   Double  Refaction.— Tha  transient ormo- 

nienLiry  power  of   double  refraction,  ac- 

4iiiri.>d  liv  ft  tnuisparent  subBfaiicc  when 

Tilaodl  in  an  electric  field.    (See  Refrac- 

Ivm,  toinihle,) 
The  inl^iwity  of  the  double  retrnttion  is 

I'^iimrtiomiJ  (o  the  square  cr  the  electric 

Titis  bction  ifi  due  to  the  strain  caused 
ii>  Ihe  electrostatic  stress  produced  by  tin? 

"Id.    Aeinulur  transient  power  of  double 

fraction  is  octiuired  hy  many  tmneparent 
i-.Im"!  wlieo  subjected  to  simple  mcchan- 

Klcetrie    Dj-clog.— (See    Dyeing, 

KUclrie.) 
Eli^trle  Dynamometer,  Slomenit'. 

— 1>>^-  Itffnanunneler,  Electro.) 

Kfecllic  Eel  lOgmnotiis  electrieus.) — An  ' 
"'!■•  (lower  iif  (fivirig  powerful  electrii'  shocks. 


M  A  tMSttMAM  dtf  kLAdntlCAii 

The  electricity  is  produced  liy  an  organ  extending  ti&e  enttr« 
length  of  the  body. 

According  to  Faraday,  the  shook  given  by  a  Bpedmen  of  the 
animal  examined  by  him  was  equal  to  that  of  15  Leyden  jara, 
having  a  total  surf^use  of  25  square  feet  Fig.  166  shows  the 
general  appearance  of  the  animal. 

Electrle  EMergF«HSee  Energy,  EUdric) 

EleeCrle  BatMH»j.— (See  Entropy,  EUetric) 

EleeCrto  Bscape,— {See  Escape,  Eketrie.) 

EleeCrle  Etcliliiv.— (See  mehing.  Electric,) 

BleeCrle  BzeltabiHty  of  Merre  Ff  bre.^See  Excita- 
bUUy  of  Nerve  Fibre.) 

Eleetrie  Expansion.— (See  Expansion,  Electric.) 

Eleetrle  Ezplorer.^See  Explorer,  Electric.) 

BleeCrlc  Field. — A  field  of  force,  traversed  by  imagin 
ary  lines  of  force  somewhat  similar  to  the  magnetic  field. 
(See  Field,  Electric) 

Electrle  Fl^nres,  Breatii.— (See  Figures,  Electric, 
BreatK) 

Electric  Figures,  Uciitenberg's.— (See  Figures,  Elec- 
tric, Lichtenber(f$.) 

Electric  Flsiies.— (See  Fishes,  Electric,) 

Electric  Flyer,  or  Fly.— (See  Flyer,  Electric) 

Electric  Fog.— (See  Fog,  Electric) 

Electric  Force.— The  force  developed  by  electricity. 
This  term  is  generally  limited  to  the  force  of  attraction  or 
repulsion  produced  by  an  electrostatic  charge. 

Electric  Furnace.— (See  Furnace,  Electric) 
Electric  Fuse.— (See  Fuse,  Electric) 
Bledric  Ctai  lif  ktlnff.— (See  Oas  Lighting,  Electric) 
Btodrie  CHUttnv.— (|9ee  OHding,  Electric) 
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Eli^trle  GoT«mor.— <3ee  Onvernor.  Electric.) 
;£lectrfc  Head  LlgbL— (Bee  Head  Light.  Electric.) 
Iwlrlc  Heat.— (See  Beat,  Electric) 
le«He  Healer.— HSee  Heater.  Electrie.) 
Ele^trle  Horte  Power.— {See  Harae  Poifer,  Electric.) 
Eleeirfe  Hydrolaslmeler. — (See  Hydrotasimeter,  Elec- 


Ctrctrie  Isnilloiu— (See  Ignition.  Electric.) 

Eleeirle  Imagei.— <See  Image*,  Electric.) 

Electric   InoandeBcence,— (See  Incandeacence.    Etee- 

Eleeirle  Intlieutors,— (See  Indiealor«,  Electric.) 
Electrte  Innolailon. — (S^e  Sungtroke,  Electric.) 
Electrie  Jewelrr.— {See  Jewelry,  Electric.) 
Electric  Litmp,   Arc.— (See  Lamp,  Electric,  Arc.) 
Electric   Lamp,  lncande«C«nl.— (See  Lami>,  Incnn- 


^  Elceiric  I-elter-Bos.— (See  Letter-Boar,  Electric. ) 

leclric  LocumollTe. — {See  Locomotive,  Electrie.) 
teetrle  Log.— (See  Log.  Electric) 

c  Loop.- (See  Loop,  Electric.) 


ric  HarhlD«B,  Frlcdonul —(Sec     achia 

trie,  Frictional.) 

ric  BlalO!!.— (See  Mains,  Electric.) 
Dtric  Slasavii. — ISee  3lnit»Pit.  Electric.) 
Wlrlc  Hcaanromeitt.— (.Se,_>  MeimureMenl.  Eleelric.i 
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Electric  Meter.— (Bee  Meter,  Eleetrie,) 

Electric  Mine  Explt^der.— (See  Fum,  Eleetrie.) 

Electric  Motor.— (See  Motor,  Electric.) 

Electric  Musket.— (See  Musket,  Electric,) 

Electric  ^HvAn^-KSee  Organ,  Electric,) 

Electric  OfclUatlons.— (See  Oscillations,  Electric) 

Electric  OsmtMe.— (See  Osmose,  Electric) 

Electric  Pen.— (See  Pen,  Electric) 

Electric  Pendulam.— (See  Pendulum,  Electric) 

Electric  PhtMpliorescence.  —  (See  Phosphorescence, 
Electric) 

Electric  Piano. — (See  Piano,  Electric) 

Electric  Plough.— (See  Plough,  Electric) 

Electric  Potential.— (See  Potential,  Electric) 

Electric  Probe.— (See  Probe,  Electric) 

Electric  Prostration. — (Sec  Sunstroke,  Electric) 

Electric  Protection.— (See  Lightning  Rods.) 

Electric  Protection  of  Metalw.— (See  Metah,  Elec- 
tric Protection.) 

Electric  Pyrometer. — (See  Pyrometer,  Electric) 

Electric  Ray  (Rain  torpedo). — A  species  of  fish  named 
the  ray,  which,  like  the  electric  eel,  possesses  the  power  of 
producing  electricity. 

The  electric  organ  is  situated  at  the  back  of  the  head,  and 
consists  of  hundreds  of  polygonal,  cellular  laminae,  supplied 
with  numerous  nerve  fibres,  as  shown  in  Fig.  167. 

Electric  Rectification  of  Alcohol.— (See  Alcohol. 
Electric  Rectification  of.) 

Electric  Register,  Watchman^s (See  Watch- 
man's Electric  Register.) 


'   RegUitrinii 


Kleotrtr  Rcg1«torlng  Appuratun.— 

Apyaratu*,  EUxtfi':.) 
Electric  Reslatancc.— (Seu  Renstan<.t,  Electric) 
EJpctrie  S&fely  l-ainp.— (Sfic  Safety  Lamp,  EUcMc.) 
KUeclric  Seism i»|fr»pli.— (See  Seismograph,  Electric.) 
Elecirlv   ^hadow.--(See 

Shatlotc,  EUctric.) 
Ctcctrir  Shock.— (8eo  Shock, 

EUftrie.) 
Eleeirlp  Socket  for  L^nip.    { 

— LS*e  Soeket,  EUetric  Lump.) 
KIcririr  Soldering,— (See  ScA- 

Jtrimg,  Electric.) 


KIrclric    Blrtw.— (See    Sirice, 

Fl.rtri,:) 

FJedric   Sun*lrAke.— (See 

Santtrvke,  EUetrii.:) 

Electric  Target.— I8ee  Target, 
Ekctric.) 

Clr«trio  T«BJE«r.— (Sec  Tfoz- 
"■,  Sleetrie  Current.) 

Elcdrir  Tempering,— A  jiro- 

iwK  liir  tftntficring  nietala  in  whicli 

hnl  lit  vU:<Arii:  origin  in  employed  Fit 

micail  of  ordimu-y  furnaoo  heat.     (See  Tcnijitring.  Elrctric) 

Elcrtric  Tension.— (See  Termion.  Elcctrl 

Elc<-1ric  Til  vrmo  meter  .—(Sec  Therautmeter,  Eltetric.) 

Electric  TIme-BalL— (Sec  Tinif-Ball.  ElectHc.) 

ric  TorpeUo.— (Sl-u  Torjicdo,  Ekctno.) 
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filecUie  Tower.--(See  Tower,  JEfoeMr} 
BlecUie  TraiiiB[iltten.--<See  TranmnuterB,  EleeMe.) 
KleeUie  Typewriter.— (Seo  TifpewHier,  MeoMe.) 
Electric  TalTe.— (See  Valve,  Electric,) 
Electric  Tamitli.— (See  Varnish,  Eleetrie.) 
Electric  Weidiom.— (See  Welding,  ElecMc) 
Electric  WMlrl.— (See  Whirl,  Electric,) 
Electric  Whistle.— (See  Whistle,  Steam,  Eleetrie,) 
Electric  Work.— (See  Work,  Electric) 

Electrical  CoiiTeetloii  of  Heat.— A  term  employed 
to  express  the  dissymmetrical  distribution  of  temperature 
that  occurs  when  a  current  of  electricity  is  sent  through  a 
metallic  wire,  the  middle  of  which  is  maintained  at  a  con- 
stant temperature,  and  the  ends  at  the  temperature  of  melt- 
ing ice. 

Electrical  Death.— (See  Death,  Electrical) 

Electricity. — The  name  given  to  the  unknown  thing, 
matter,or  force,  or  both,  which  is  the  cause  of  electric  phe- 
nomenon. 

Electricity,  no  matter  how  produced,  is  believed  to  be  one 
and  the  same  thing. 

The  terms  frictional  electricity,  jyyro-electricity,  magneto 
electricity,  voltaic  or  galvanic  electricity,  thermo-electricity, 
contact  electricity,  animal  or  vegetable  electricity,  etc,  etc, 
though  convenient  for  distinguishing  their  origin,  have  no 
longer  the  significance  formerly  attributed  to  them  as  repre- 
senting different  kinds  of  the  electric  force.  (See  Electricity, 
Hypotheses  of,) 

Electricity,  Consenration  of ^A  term  proposed 

by  Lippman,  to  express  the  fact  that  when  a  body  receives  an 
electric  charge  in  the  open  air,  the  earth  and  heavenly 
bodies  reo^vQ  an  e(}ual  and  opposite  char^,  thus  preeervioi^ 
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tbe  mini  ot  Ihe  total  positive  and  neg-alive  eleclricities  in  tlie 

ElccUidtr,    Doable    Fluid    Hypotlieils    of.— A 

tiypotht^la  which  endeavors  to  explain  the  cause  ot  eloctric 
pbi^oomeiia  by  the  asaumptiou  of  two  different  elei-trio  fluiils. 
Tbo  Double  Fluid  Electriii  Bj-pothesia  ilssiuiioh  : 

(1)  Thnt  the  phenomena  of  electricity  ai-e  due  to  twoten- 
UUU9  aod  imponderable  lluids,  the  positive  and  tbe  nega- 
livc 

(2)  That  the  particles  of  tlie  positive  Huid  repelone  anotlier, 
as  do  iLtM)  the  partictex  of  the  aegative  fluid  ;  but  that  the 
pnrtidwj  of  positive  fluid  attract  the  particles  of  ttie  negative, 
and  vire  vena, 

(31  Tliat  the  two  fluids  are  strongly  attracted  by  matter, 
and  when  present  in  it  produce  electriflcation, 

(*)  That  the  two  fluids  attract  one  another  and  unite,  thus 
nuuking  liifl  properties  ot  each. 

fSf  Thai  tlie  act  of  friction  separates  these  fluids,  one  going 
to  the  mhber  and  the  other  to  the  thing  rubbed. 

Eledrlcltjr,  Single  Fluid  Ilfp«lli«*>"  oC— A 
hjpothisia  which  endeavors  to  explain  the  cause  of  electrical 
pbenomcna  Ijy  the  assumption  of  a  single  electric  fluid. 

Tbe  single-fluid  hypothesis  assumes : 

{I)  Tliat  the  pbenomena  of  electricity  are  due  Ut  tbe  pres- 
ence of  a  single,  tenuous,  imponderable  fluid, 

(3)  Ttiat  the  particles  of  this  fluid  mutxially  repel  one 
lutotlirr,  but  are  attracted  by  all  matter. 

(3)  That  every  substance  possesses  a  deflnite  capacity  for 
holding  Ihi3  fluid,  aod,  tliat  when  this  capacity  is  just  natisfled 
no  «IIecta  of  electrification  are  manifest. 

(•[}  That  when  the  body  has  less  than  this  quantity  present, 
it  bnoanies  nfgalivetg  existed,  and  when  it  has  more,  potitivelg 
exnt.'.l. 

(B)  Thai  iiw  art  i>f  friction  caiwen  a  redistribution  of  the 
fluid.  p«Tt  of  it  sroing  to  one  of  tlie  bodies,  ^ving  it  a  aur^ 
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and  thus  positively  electrifying  it,  and  leavin^^  the  other  ¥rith 
a  deficit,  and  thus  negatively  electrii^ring  it. 

Neither  of  these  hypotheses  is  accepted  at  the  present 
time,  electrical  science  having  advanced  sufficiently  far  to  rec- 
ognize the  fact  that  the  exact  nature  of  electricity  is  unknown* 

By  some,  electricity  is  believed  to  consist,  like  heat,  of  a  par- 
ticular phase  of  energy ;  by  others  it  is  regaid^d  as  an  exceed- 
ingly tenuous  form  of  matter ;  by  stUl  others,  the  exceedingly 
strange  assumption  is  made  that  it  is  neither  a  phase  of  energy 
nor  a  form  of  matter. 

By  some,  the  single  fluid  hypothesis  is  provisionally  ac- 
cepted with  this  modification,  that  a  negatively  excited  body 
is  thought  to  be  the  one  which  contains  the  excess  of  the  as- 
sumed fiuid,  and  a  positively  excited  body  the  one  which 
contains  the  deficit. 

This  change  in  the  single  fluid  hypothesis  is  believed  to  be 
necessitated  by  the  fact  observed  in  Crooke's  tubes,  that  the 
molecules  of  residual  gas  are  thrown  off  from  the  negative 
terminal,  and  not  from  the  positive  terminal.  (See  Tubes, 
Crooke's,) 

Another  view,  which  has  long  been  held  by  the  author,  at- 
tributes the  phenomena  of  electricity  to  differences  of  ether 
pressures,  electricity  itself  being  the  ether,  and  the  electro- 
motive force  the  differences  of  pressure  of  the  ether.  That 
one  form  of  electrification,  possibly  negative,  is  caused  by  a 
surplusage  of  energy  cliarged  on  the  excited  body,  thus 
producing  a  greater  ether  tension  or  pressure,  and  the  oppo- 
site electrification,  by  a  deficit  of  energy^  thus  producing  a 
smaller  ether  tension  or  pressure. 

It  will  be  seen  that  the  assumptions  as  to  the  direction  of  the 
current,  and  the  positive  direction  of  the  lines  of  force,  are 
based  on  the  old  idea  that  positive  electrification  indicutes  an 
excess,  and  negative  electrification  a  deficit. 

ElecUieltjr,  Bound  and  Free,  Dlagutsed,  Dlstlmii- 
laleil^  or  ILoleiil (See  Bound  and  Free  Charge.) 


rlc*. — Sul>slnin-<!S  capable  of  beconiing  electriiiud  by 


like  Uie  nurtuls,  whicli,  whea  held  in  tlii;  IiuikI 
;  be  eleelnlled  by  friction  were  called,  non-<:leetrics. 
lernm   were  iiswi  l>y  Gilbert  in  the  early  liislory  cC 


is  dJBtinctioD  is  not  now  geDerally  employed,  since  con- 
g  snbstuiiL'cs  may  be  eleftrilled  by  friction,  if  iiisuliiled, 
CMllon. — The  act  uf  beiiuming  electrified, 
(petrification  generally  refers  to  the  producUou  ol'  ii 


—The  study  of  Uie  electric  conditions 
g  animidB  and  planta,  or  the  effects  of  electridty  ii[k>u 

ro-Biolo(!y  includes  : 
(  Blwilro-Phy^iologT,'. 
[)  Beotro-Therapy,  or  Electro-Therapeutics. 

Iro^aplllanr    Phenotnenn.— Phenomena    ob- 

n  capilSai-ytubesat  the  conta''t  surfaces  of  two  liquids. 

le  tase  where    acidulated    water  is    in   contai^t   with 

!,  each  Uquid  possesses  a  ilnllniti^  surface  tension,  iind 

h  a  di>Hnit«  Hltape  of  xiirface. 

The  two  UqtiidB,  however,  do  not  actually  touch,  there  being 

all  Interval  or  apace  between  Ihetn.     This  space  acts  ax 

|i  aeeutuutator.    But  the  lii^uid  and  wat^r,  beittg  dilTerent 

iu   conla'^.  possess  different  potentials.     (See  Air- 

or  Condenter.     CimtiiH,  Electricity.    Potentiat.'i 

6  ivhiish  altera  the  sliiipe  of  those  uoutjicl.  siirfacvin, 

1  conaequuntly  the  extent  uf  the  spaoes   belweon    them, 

iHly  nlterH  the  atjHmiln  of  the  condenser,  and  eonse- 

mlly   U»o  diffcrenM    of    [lotential.      Thereforo  the    mere 

Jdng  of  th'!   lube,   or   heating    it,   will    produce   niectrie 

1  from  llm  resulting  dillerunces  of  pot«nliikl ;  'T.  oori- 

•ily,  an  duclric  current  aunt  across  the  oonlact-surfacen 

1  iwoducu  luution  n.s  n  reaidt  of  a  chuogu  in  the  value  of 
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the  surface  tenBum.    An  Eleetro-  Capillary  Tel^hone  hM  b«en 
constructed  on  the  former  principle,  and  an  Electrometer  am  : 
the  latter.    (See  Capillary  Elechimekr.  Telephone^  Ehe^rom^ 
CapUlary.) 

Electr<KChoinlstr]r.— That  branch  of  electric  sdeiioQ 
which  treats  of  chemical  compositions  and  decompositioiui - 
produced  by  the  electric  current.    (See  Electr&lysi$,  or  I^eo* 
trolytic  Decomposition.) 

Electrode,  Indifferent In  electro-thera- 
peutics the  electrode  that  is  merely  employed  to  complete  the 
circuit  through  the  organ  or  part  subjected  to  the  electrio 
current,  and  is  not  directly  concerned  in  the  treatment  or 
diagnosis  of  the  diseased  parts. 

Either  the  positive  or  the  negative  electrode  may  be  the 
indifferent  electrode.    (See  Electrode,  Therapeutic,) 

Electrode,  Therapeutic In  electro-ther- 
apeutics the  electrode  mainly  concerned  in  the  treatment,  or 
diagnosis  of  the  diseased  parts. 

Either  the  positive  or  the  negative  electrode  may  be  the 
therapeutic  electrode,  and  one  or  the  other  is  employed  accord- 
ing  to  the  particular  character  of  the  effect  it  is  desired  to  ob- 
tain. The  other  electrode  is  placed  at  any  convenient  and 
suitable  part  of  the  body,  and  is  called  the  indifferent 
electrode. 

The  therapeutic  electrode  is  generally  placed  nearer  the 
organ  or  part  to  be  treated  than  the  indifferent  electrode. 

Electrodes. — The  terminals  of  au  electric  source. 

The  positive  electrode  is  sometimes  called  the  Anode,  and 
the  negative  electrode  the  Kathode,  In  precise  use  these 
terms  are  generally  restricted  to  the  electrodes  when  used 
for  electrolytic  decomposition. 

The  electrodes  are  made  of  different  shapes  and  of  different 
materials  according  to  the  character  of  the  work  the  current 
is  to  perform. 


1 
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rViB-itirhoit  rfeffrwfcji  of  iin  art;  lamp  are  provided  for  the 

I*     I    :tn'l  luaintenBncw of  the  vntf nic err.   In electro-thiT- 

'  '  r/  eUvtrodf*,  sponge  eiectrode*.  bntgh  fleatrvdes, 

!■■»,  needle  electradea,  dry  or  moiit    eleolrode*. 

trodei,  aarai  eleetrodee,  vaginal  eJeclrodea,  rectal 

c.,  01*0  employed,  and  are  naraed  occordiug' 

b  nolun]  of  the  work  rei^uired  to  be  ui-vniiijilished,  or  the 

Wlor  or^n  or  ptut  of  the  bodjr  that  la  to  be  treated. 

i«lea,Erti'8  Standard  Slzcof Standarrt 

Bof  eloctrodisj  gHnerally  adopted  in  tlectro-therapeutjcs, 
|e  foUowiog  stnudiird  f-'vces  Iiavs  bi-en  proposed   bj'  Erb, 

(1)  Pine  clet-trode.......   J^  cwntiinel re  diameter. 

IS)  SmiOI        ■■        2 

<S)  Mi-Hliuin  "       7.5  " 

14)  Lurge      "       Bx3 

13;  Verylorgedo. 8x16     "  " 

Uc«tn>>IMaff  noiil.— DitkgoQsis  by  means  of  the  exa^ger- 
..'..^n  or  diiniQution  of  tfae  reoctiun  of  the  exoitabln  tissues  of 
-'I-  boJy  wheo  subjected  to  tho  varying  influences  of  electric 

Tbs  ol«ctric  current  hut  alao  been  applied  in  order  to  dis- 
' ->_^mh  btitween  forms  of  piiralysia,  ami  as  a  final  teat  of 

ElecCro-Dpiamlc   Induction.— (.See  Induction,  Elec 

■■■  Oma-tni,:) 
rii'r'ir»-OynniiiiGS.r— That   branc^lt   of    electric    science 
.  ■  -^  of  111'?  action  of  electric  ciirrenls  on  one  uuotliot 

■  .|ilc»  of  electro-ilynaniics  were  discovered  by  Ain- 

. ,'  <'nt  form  of  appamtuit,  tor  Hliowing  experimunUiUy 

,  j(  onfl  current  on  tinolher,  consists  ol  two  upright 

■  .11.1.   .kiiUDiQS  or  pillara,  wliicli  support  horizontal  motolhc 

ii»  uoatotoiaf  mercury  cupa,  y  ivnd  ■■,  Fig.  lOS.    The  circuit 


dse 
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is  bent  in  the  form  of  a  rectangle,  circle,  or  Bolenoidt  and  ter- 
minates  in  points  that  dip  in  the  mercury  cups.    The  oumnut 
is  led  into  and  out  of  the  apparatus  at  the  points  +  and  — 
at  the  base  of  the  upright  supports. 

When,  now,  a  magnet,  or  another  circuit,  is  approached  to 
the  movable  circuit  thus  provided,  attractions  or  repulsiona 
are  produced  according  to  the  position  of  the  magnet,  or  thia 
direction  of  the  currents  in  the  two  circuitB. 


Fig.  168. 

If  a  magnet  A  B,  Fig.  169,  be  placed,  as  shown,  below  the 
movable  circuit  C  C,  the  circuit  will  tend  to  place  itself  at 
right  angles  to  the  axis  of  the  magnet.  This  movement  is  the 
same  as  would  occur  if  electric  currents  were  circulating 
around  the  magnet  in  the  direction  of  the  assumed  Ampirian 
eurretUs.    (See  Magnetimn,  Ampere's  Theory  of.) 


I  (T)  nusII«I  purtioos  at  %  tireail  aOnti 
a  Ihem  u«  Bowing 
jite  directioo,  aad 


e  flowing  in  <^>pnsite 


■lilBr  puli9  uf  Iwu  sirle- 
hi  rape!  <!acl>  other,  oa  at 
■X  A",  Fig.  170,  berau»«. 
t  vtM«  o|>|iosed  la  each  otbag', 
^Um  rarrvnUi    iluit   produce  n?.  M 

tbae  pates  ai*  flowing  in  oppositf^  diredioii^  a: 
(nm  »B  insppctiaa  ot  Uie  tlrswin^. 
DfaBUnilar  ftolenoii]  poles,  on  the  contr*rj-.  arlnwt  each  odier 


I  at  at  A,  B,  in  the  flini'e,  since  tiie  ciurents  ' 
thpiii   flow 


''liioh  prmiiK 

the  E 


■  In  Uir  ■pproncheii  porti 


In  Fig.  ITI.  afomu.f  Am. 
pore's  stonJ  is  sliowti,  ia 
which  one  of  llie  circuits  i<i 
in  the  fomi  nf  Oil-  helix  M 
N;  its  action  on  the  movnble 
cinviit  C  B.  is  (o  repel  i(. 
the  tnirrcnts.  iis  shown, 
t  (lowing  in  npiMiMlo  ili- 
of  tlii>  HkihI  nnd  iitoi-nhle 

■I'wi'ting   iiacli  olhi-rniu- 
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tually  attract  each  other  when  the  currents  in  both  circtiits 
flow  either  foioardi  or  from  tha  point  of  interBadioii,  but  re- 
pel each  other  If  they  flow  in  oppooita  direotions  from  the 
point 

Thus,  in  Fig.  178,  the  currents  in  both  drcnilB  flow  towards 
and  from  the  point  of  intersection  T,  and  attract  one  another 
and  cauBC  a  motion  unf  tl  the  Uoo  elrcuit^are  paraUeL 


V  tliG  currents  flow  in  opposite  directions  they  repel  one 
another,  and,  if  fi-ee  to  move,  will  conii^  to  rest  when  |)arallel 
to  each  other;  therefore,  two  portions  of  u  circuit  <.T(iKsing 
each  other  tend  to  move  until  they  are  parallel,  and  their  cur- 
rents are  flawing-  in  the  same  direction. 

(3)  Successive  portions  of  the  circuit  of  tlie  same  reelilineal 
current,  that  is,  n.  current  flowing  in  tlie  same  stnught  line,  re- 
pel one  another. 

Continuous  Rotatiom  by  Currents.— A  circuit  O  A,  Fig.lTS, 
movable  on  O,  as  a  centre,  will  be  continuously  rotated  in  the 
direction  of  the  curved  arrow  by  the  rectilinear  current,  P  Q ; 
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(or,  the  directions  of  the  eui-i-ents  being  as  shown  liy  the  w- 
TOWB,  there  will  be  attraction  in  the  positions  (1)  and  (2),  and 
rvpulsion  in  poHition  (4). 

Tlie  <«us(>  ot  the  mutual  fttli-uotjun^  ami  J'ciuilaions  ot  c\ec 
Iric  circuits   will    ruiulily   n|>pvuJ' 
trum  B  ronsiderntion  of  1  liu  miitii.al 
wtioii  of  Ilieir  inag^elic  fk'lils. 

Tlius  on  inspection  o(  Kig,  174, 

II)  Tliut  parallel  currents  llow- 
inj;  in  the  Rume  direction  aftriK't, 
banauu'  their  Unes  of  forcf  hm-e 
ojqxmte  d\rtciion»  in  iidjuiniiig 
partt  of  the  circuit. 

0)  Ttmt  parallel  currents  floiv- 
ing  in  tipjyotite  directions  repel. 
beraiite  their  linea  of  force   have 
llie  mime  direction  in  ndjoining        ^ 
jmrts  of  llie  circuit.  -^  "'■ 

TheM  laws  may  thoi-efore  bo  generalUi-J  thus,  viz.:  Linett 
of  fort*  extending  in  opptisHe  directionn  attract  one  another: 
lines  of  force  extending   ii 
direction  repel  oW!  another. 

Anipi're  proved  that  a  t'in-uit,  doubled 
on  iUelf  so  that  tho  current  flows  in 
opposite  directions  in  the  two  parte, 
exerts  no  torce  on  external  olijecHs. 
This  expiHlient  is  adopt c<l  in  rocistancc 
coils  to  prevent  uny  JiHiiu-bani'e  of  the 
giilvanoni«terne<HlleH.  He  also  showed 
a  circuit,  or  one  bent  into  zigtags,  produces  tlie 
Minn  effects  of  attraction  or  repulsion  as  it  would  if  it  w 
alraislit    (See  Coils,  Reaislance.) 

Ufao  terfti  ainmiut  current  is  often  applitnl  to  ttie  curraot  in 
flDCh  M  oanOiictor.     (See  Currriil',  Si'mkou*) 
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i:i<'flro-I>y'nBmoniOter.— (See  Dj/niimomrlir,  Klr^lru:) 

Eleolro-Btctains.— (See  Engroring.  Electric). 

Eleclroklnelic*.— A  Wnn  Boaiutimes  applied  Ui  llic  phe- 
nomenu  uf  electric  cuirenta,  or  electricity  in  motion,  as  dis- 
lliigiiislied  from  Eledrogtnlics,  the  phenomena  of  elpctric 
charges,  or  electricity  nt  rest. 

Electrolier. — A  cliuadeliur  fur  electric  Ug'htB,  as  ills' 
tintfuiahed  from  a  chandelier  fur  lioliHng  ^oh  ligrhts. 

Electrolfils,  FKra4ay*t  l>«wa  0t The  prin- 
cipal facts  of  electrolysis  are  given  in  the  following  laws : 

(1)  The  amount  of  chemical  action  in  any  given  time  is  equal 
in  all  parts  of  the  circuit. 


(3)  The  amount  of  any  ion  Uberat«d  in  a  given  time,  is  pro- 
portional to  the  strength  of  the  current  passing.  Twice  as 
great  a  current  will  liberate  twice  as  much  of  an  ion. 

(3)  When  the  same  current  passes  successively  through 
several  cells  containing  different  electrolytes,  the  weights  of  the 
tons  litierated  at  the  dilTerent  electrodes  are  equal  to  the 
strength  of  thg  current  multiplied  by  the  electro-chemical 
equivalent  of  the  ton. 

Tlio  I  /'  rh'ii'.'li.  m'irid  iqiiivolent  ill  equal  to  Ihf  alonitc  freight 
divi.k-.i  l.v  UiK  fukiirj/.     tSee  Equivalent,  Elect lo-ChKmicai.) 


1  deixiinpositiona  effected  by  means  cf  the  el«:tric 

n  electric  mrrent  U  sent  through  an  rleHrolgte.  L  v., 
il  whti'lipormiU  Uie  current  to  piL*(9  only  by  means  of  (l>« 
dtion  ot  the  liquid,  the  decomposition  that  pnsues 
d  deetmlgtie  dfeompotilitm. 
electrolyt«  is  deix)Hi|>osod  or  brokfin  up  into  aloma  or 
s  o(  utoms  or  rudieala,  ciklled  Umt. 
rm»  arc  o(  two  distint.-t  kind-s.  vix.:  the  elect m-jmiliit 
f  kathioax  or  kalians,  and  tlie   electro-negalife  iona 

HS. 

1  aniidt:  at  the  source  is  (lonoected  with  the  electro- 
•  terminal,  it  is  clear  that  the  anions,  or  the  eltrtro- 
«  imu,  uiust  appear  at  tlie  anode,  and  the  kalhion*.  or 
MMitive  um*,  must  appear  at  the  kaihodt. 
rogt-a,  and  the  metals  generally,  are  itafftiVms;  I'-xygva. 
w.  iodine,  etc,  are  anions. 
!  vessel  containlnf;  the  electrolyte,  id  which  thnu- dp- 
nitionn  take  place,  is  eolleil  an  eleetrolylir  rflK 

trolytif  cell  is  called   a  i-ottninffer,   when    il  U 
for  measuring  the   L-urrent   passing  by  means  ot 
it  ot  dei'ompoeitiiin  it  effects.     (See  I'oHamftrm.^ 
pi.'lrolf  lie  CoiiTCcllon. — (See   Contvclion,  Eleetro- 

Cteelro-naend. — A  magnet  produced  by  the  passogoof 
it  through  a  coil  of  insulated  wire  surround- 
»  core  of  iiiagn'^limble  material. 

'«ma^dlizingcoillsoalIed  a  helix  or  totenitiiL  (Sec  Mag- 
I.  Ampire'M  Theory  of.  Solenoid,  Electro-Uagnftii-^) 
Hiy  spvnkin;;.  the  temi  electro-mngriiet  is  liinited  to  tli^ 
a  mngaet  providwi  vriOi  a  soft  iron  core,  which  is  tliiw 
•A  to  r^dly  aciiuii-c  its  magtielUut  on  lh«  paiMagc  of  the 
cnl,  and  08  readily  to  loso  its  a 
a  of  such  curreul. 


aM  A.  DIonoNABT  or  KLKTSICAL 

An  electric  currant  poMed  around  a  bar  of  mBgrietizable 
material,  in  the  manner  and  direction  shown  in  Fig.  173,  will 
produce  a  polarity  at  its  ends  or  extremiticH. 

The  direction  of  this  polarity  may  be  predicted  by  the  fol- 
lowing modiflcations  of  a  rule  propooed  by  Ampere  : 


fig.  nt: 


Imagine  yom-aMFNWimming  hi  tho  wire  in  the  direction  of 
the  current;  if,  li)i:n  your  face  in  directed  towards  the  bar 
that  is  being  magnetized,  its  north  seeking  pole  will  be  on 
your  left. 

If,  for  example,  the  conductor  A  B  bp  traversed  liy  a  cur- 
rent in  Uie  direction  from  B  to  A,  ;ui  uliown  in  Fig.  177, 
the  north  pole  N,  of  the  needle  N  S,  placed  under  the  con- 
ductor, U  dellerted,  as  shown,  to  the  left  of  the  observer,  who 
is  supposed  to  be  swimming  hi  the  currenl.  facing  t)ie  needle. 
If  tlie  current  How  in  the  opposite  direction,  as  from  A  to  B,  as 
Miown  in  tho  Fig.  ITS.  the  K  pole  of  the  needle  is  deflected  an 
shown,  but  still  to  the  left  of  the  observer  supposed  to  be  swim- 
ming aa  before. 

The  directions  of  currents  required  to  produce  N  and  S  poles 
renpectivcly,  are  shown  in  Fig.  176. 

The  cause  of  tliis  direction  of  polarity  will  be  i-eadily  un- 
derstood from  a  study  of  the  direction  of  lines  of  magnetic 
force  in  the  field  produced  by  an  electric  current. 


Ja  any  electric  circuit,  the  lines  of  magnetic  fot'ce,  pi-oduced 
by  the  poflBoge  of  the  current, 
{ami  cjrdea  around  tho  ci 
in  pUnes  at  right  angle!* 
llie  dtrei-tiort  of  thf.  cum 
as  shown   in   Fig,   I7«.     1 
dirtiction    of    thtae    Hnn    of 
farce  i»  the  mme  a»  that  of 
(te  fcrtml*  of  a  wattk,  if  the  '•«•  ""■ 

furrent  h«  »uppomd  to  flow  away  from  the  dbiKrver.    (Se« 
FieUl,  Magnetic,  of  an  Electric  Current.) 


I 


fij.  IM.  Fig.  177. 

Bcmeinbering  now  that  the  lines  of  foi'ce  nre  supposed  10 
cooiA  out  of  Hie  north  pole  and  to  pass  into  the  enulh  jiole. 
It  In  evident  that  ifUip  .urreiit  flow*  in  the  direction  ohowii  la 
Fig.  180.  the  linfiS  of  forcM.- will  oomo  out  of  Uio  nt.rtli 
dUliaiBs  Int.)  iho  HOiith  ih^I». 


23«  A  biOtioNAftf  oV  kLKotstCAL 

Sini»<  in  n  riglit  handed  lieiix  tlie  wire  passes  around  tjie 
nxis  in  the  oppoait*  direction  to  that  in  whichlt  piissesinali 
Landed  helix,  it  is  evident  tbattlie  helices  shown  in  Fig.  I 


at  1  1 


oduc. 


nil 


opposite 
polarities  at  the 
points  of  entmnce 
and  exit  by  a 
rent  flowing  it 
direction  of  the  ar- 


If  the  ijurrent  be  sent  tlii-ough  the  I'iyht  lianded  helix,  sliowa 
at  l,frani  titou,  that  is,  Trom  the  left  to  the  right  in  the  figure, 
u  south  pole  will  be  proilitced  at  b,  und  a  north  pole 
If,  however,  it  be  sent  from  a  to  b,  the  polarity  will  be  re- 


If  the  current  be  sent  through  the  left  handed  helix,  shown 
at  3,  from  a.  tob,  thatis,  from  tholeft  to  therightin  tlie  tlgurt^, 
a  north  |)ole  will  be  produced  at  a,  and  a  south  pole  at  b. 


In  any  electrio  circuit,  tha  lines  ot  magnetic  force,  pi-oduced 
I  bjT  the  passage  ol  the  current. 


kfonn  circles  nrounJ  the  circuit 
lia  pUaea  at  right  angles  to 
f  the  dirertioa  of  lh«  current, 
1  shown  in  Fig.  179.  Tlie 
I  ttireetitfH  of  them;  linm  of 
I  force  U  thr  »taie  la  thnt  of 
'  the  handt  of  a  io«(cft.  if  the  ""■  '^*- 

current  be  supposed  to  flow  au>ag  from  the  observer. 

Field.  Uagnetie,  of  (in  Electric  CurreTU.'i 


^^ii:^ 


^3-  iw.  JTy- 177. 

Semembcring  now  that  the  lines  of  force  ore  suppoacd  to 
L  oonitf  out  of  tlie  north  pote  uid  to  pass  into  tlie  south  i>oli>. 
I  It  b  evident  Umt  itlhu  current  flows  in  the  direction  shown  in 
I,   the  linns  of  force  will  oome  out  of  the  north  pole 
M  intit  tlit>  south  |>oIi\ 


▲  mcnoNAET  ov  nxomcuii 


A  short  interval  of  time  is  required  for  a  current  to 
thoroughly  magnetise  a  powerful  electro-magnet 

A  few  moments  are  also  required  for  a  powerful  magnet  to 
thoroughly  lose  its  magnetism.  At  the  same  time,  electro 
magnets  are  capable  of  acquiring  or  losing  their  magnetism 
several  thousand  times  a  second.  It  is,  in  fact,  on  this  ability 
possessed  to  so  remarkable  a  degree  by  soft  iron,  that  the  value 
of  an  electro  magnet  for  many  purposes  depends.  (See  Lag, 
Magnetic.) 

Eleetro-Masnetle  Annnneiiitor.— (See  Annunciator, 
Electro-Magneiie.) 

Electr<HMagnetl€  Dental  MnlleC^See  Dental  Mal- 
let, Electro-Magnetic.) 

Electro-Magnetic  Drill,— (^^ee  7>rf7/,  Electro-Magnetic.) 

Electro-Magnetic  Engine.— (See  Engine,  Electro-Mag- 
netic.) 

Eleetro-Magnetlc  Indnctlon,—A  variety  of  electro- 
dynamic  induction  in  which  electric  currents  are  produced  by 
the  motion  of  electro  magnets,  or  electro-magnotic  solenoids. 
(See  Induction,  Electro-Dynamic.) 

Eleetr<HMagnetlc  Solenoid.— (See  Solenoid,  Electro- 
Magnetic.) 

Electr<HMagnetlc  Stress The  force  or  pi*es- 

sure  in  a  magnetic  field  which  produces  a  strain  or  deformation 
in  a  piece  of  glass  or  other  similar  substance  placeJ  therein. 
(See  Optical  Strain,  Electro-Magnetic.) 

Electro-Magnetics. — That  bran(*h  of  electric  science 
which  treats  of  the  relations  between  electric  currents  and 
magnets. 

Electro-Metallurgy. — Metallurgical  ]>rocesses  effected 
by  the  agency  of  electricity. 

Electro-Metallurgy  embraces  : 

(1)  The  Reduction  of  Metals  from  their  ores,  either  directly 
from  their  fusion  by  the  beat  oi  the  voltaio  arc,  or  the  heat  of 
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I nt»inlej!»"enc<?,  or  by  the  electrolysis  of  aolutiona  ot  Iheir  ores. 
Sw  Elrctnilgai*.    Furnace,  Electric.) 
19)  ElrctmpluUn^. 
18)  Electrotyping. 

Tlie  KpplicAtion  ot  electricity  lo  Ihe   reduction  of  raetiils  is 
rarrioil  on  in  thu  ck'ctric  tiirnacc  (or  the  roduction  of  the 


ElCCIromclCi'. — An  apparatus  for  meiuiuriDg  diir<-'rences 
of  potential. 

I  ElectrotnoterB,(ipera,teiDgcaeral,  bymeansof  tlieutlraciion 
ir  repiitsJon  of  charged  coDductors  on  a  suitably  suspended 
iC,  As  DO  current  is  required  to  flow  through  the 
ratus  it  is  ttdaptahle  to  many  cases  where  a  voltmeter 
IWUld  not  be  so  readily  used. 

Elcclrooieler,  Abtmlute A  form  of  iiltrartrd 

itK  dectromeler.     (See  Klcrtrometcr,  Attrnctrrt  Zlrsr.) 

Elc«ir«Hneter,  Attracted   Disc A    form    of 

rometer   de- 
ySirWni. 


n  C.  iusp<'nd-  Fig.  is*. 

ro|n  Uie  longer  end  of  iilci'r>r  /,   witliiu  Iht!  listed  guard 
t,   or  gmirii  rhifi,  B,  iiiiiiieiUo,li.'ly  ftbove  a  sGi'ond  plate 
npported  ou  an  Insulated  stand,  und  capable  of  a  muoa- 
t  approach  towards  0.  or  a  ruovcmynl  iiway  [r»m  it, 
>  C,  Ix  placvd  in  contract  ttitli  B,  by  iiiuans  of  a  thia 
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1  iHcnonAXT  or  zlbctucju. 


ng.  isa. 


wire.  By  nieana  of  this  connectaoD  the  disMbution  of  the 
charge  over  the  plate  C,  is  uniform.  The  electroataljc  at- 
traction is  measured  by  the  stttac- 
tioa  of  the  fixed  diso  A,  or  the 
movable  disc  C.  The  fulcrum  of 
the  lever  t,  is  formed  of  an  alu- 
minium wire,  the  torsion  of  which 
is  used  to  measure  the  force  of  the 
attraction,  or,  it  may  be  meas- 
ured directly  by  the  counterpoise 
weig-ht  Q. 
This  mHtniment  is  called  an  ab- 
solute electrometer,  bixmiiie,  knowinf^  the  dinionsionR  of  the 
apparatus,  thi!  viJueorihc  electro-motivo  fori'Ocan  be  directly 
detiTmined  from  the  amount 
of  the  motion  olncrved. 

Electrometer,  Capil- 
lary  (StKCapillary 

Eleetromfter.) 

Elcclromeier,  4t<i>d- 
rant  '  — An   electro- 

meter in  which  the  electro- 
static charge  is  nieasuretl  by 
the  attractive  force  of  plates 
or  quadrants,  «,  b,  c,  d.  Fig. 
183,  on  a  light  needle  u.  of 
aluminium  suspeaded  within 

The  sectors  or  quadrnnts 
are    of    brass,    and    are 
shaped  as  to  form  a  hollow 
cylindrical  box  when  placed 
together.    The  four  sectors  f^3-  '3i. 

or  quadrauta,  are  insulated  from  one  another,  but  tlie  op- 
poBit«  ones  ore  connected  by  a  conducting  wire,  as  aliown 
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n   Pig.   183.     A   light  needle  of    aluminium   Ibat   is   main- 
■  t'U-d  :il  some  cuiiBtaot  potential,   by  canaection  witli  tho 
iiii'^  ooating  of  a  Leyden  jar,  b  generally  suspeadud  by  two 
I  .T  .lIIcI  Bilk  IJirea<ls,  sd  th«t  it  treely  swings  inside  the  hollow 
"i.  itni),  when  at  rest,  is  in  the  position,  as  shown  by  the 
:ii<ted  Iin«s,  wiUi  its  axis  of  Bymmetry  exiiLlly  under  one  of 
tlio  slots  or  spaces  be- 
tween the  opposite  sec- 
tors.   (See  Bi-Filar  Sus- 
pension.) 

The  quadrant  electro- 
meter  is  shown  in  Fig. 
184,  with  one  of  the 
.  quadrants  removed  so  ttd 
(o  show  tlie  suspended 
aluminium  needle. 

A  similar  form  of  in- 
strument isehowniu  Fig. 
1813,   with  all  the   quad- 
rants in  place,  and  cov- 
ered by  a  gloss  shade. 
To  use  the  instrument, 
.  the  sectors  are  connected 
=  with  the   source    whoso 
difference  of  potential  is 

.,^^  ,.^.ii:^=.iLfa=k?^^ J,-.   ^a==   to  be  measured,  and  the 

^^■'c      *^^    yCj-^--.    '^iS*  dffleL-tion   of  the  needle 

^^^L  '       ^r  observed,  through  a  Me- 

^^^B  ^  Kcope,  by  means  of  a  spot 

^^V  nr.  EW.  of  light  reflected  from  u 

^numir  uttuclied  lo  the  iippi'r  part  of  the  needle. 

SuiiiinLimeH  llie  segmenta  nre  made  in  the  sliape  of  a  oylin- 
r,  and  tho  Di.<edk<  in  the  shape  of  a  suspended  roitanglr. 
i»>Mollve  Porcv,  or  E,  n.  P.— The  force  th»t 
m  «(oolricily  to  move. 


242 


▲  DioncmABY  or  ilbcxbioal 


The  term  eledaro-motive  foroe  is  generally  writteii  thus : 

The  electro-motiye  foroe  is  due  to  a  diflference  of  electrical 
level  or  potential.  In  the  current  that  results,  the  flow  is  as- 
sumed to  be  directed  from  the  higher  to  the  lower  level,  just 
as  in  the  case  of  liquids.    (See  PatentiaL) 

The  term  electro-motive  force  should  not  be  used  as  entirely 
synonymous  with  difference  of  potential.  The  electro-motive 
force  of  any  source  is  only  correctly  applied  to  the  total  gen- 
erated difference  of  potentiaL  Anything  less  than  this  at 
various  parts  of  the  circuit  is  more  oorrectly  spoken  of  as  a 
difference  of  potential. 

The  unit  of  electro-motive  force  is  the  volt,    (See  Volt.) 


— (See  Aver- 


Electro-lHotlve  Force,  Airerage 

age  Electro-Motive  Force.) 

Eleetro-motlTe  Force,  Counter  or  Back 

—(See  Counter  Electro^Motive  Force,) 

Electro-llotograpli. — An  apparatus  invented  by  Edison 
whereby  tlie  friction  of  a  platinum  point  against  a  rotating 
cylinder  of  moist  chalk  is  reduced  by  the  passage  of  an  electric 
current. 
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!I)U  result  is  due  to  an  E'ltH.-troIylic  nutioii  ul  the  [loiiitN  ol 
ei,  warying-  Ihe  frii-Uoii. 

a  lias  coDstruoted  u  teleplioai*  on  Uiia  principle.  The 
ti-mologruph.  Ihoiigh  Icsm  ceiiuin  in  Its  action  than  un 
o-magnet,  may  replace  it  in  cei-lain  electric  apparatus. 

d  coDslruction  ot  the  elect ro-motog'r»ph  may  be 
tood  frum  an  inspection  of  Fig.  I8S. 

r  A,  pivoted  with  a  univerHul  joint  at   C,   has  a 
1  poiat  at  its  free  extremity  F,  rcsliag  ou  a  strip  of 
med  paper  N,  and  held  against  it  with  some  pressure 
?  aotioD  ot  llie  spring;  S.    The  paper  N  rests  ou  th^ 
lUlic  drum  O.  over  which  it  is  moved  in  the  direction  of 
1  the   rotation  of  the  drum  by  clockwork.      A 
fr'iog  R  acts  to  move  t^e   lever  A  in  a   direction  opfiosite  to 
which    it   tends   to  move  by  the  rotation  ot  the 
nQ. 
Xlw  main  battery  L  is  connected  at  its  negative  [tole  to 
int  F  and  iit  its   positive  pole,  through  the  key  K,  to 
etallic  drum  Ir.     The  loi'al  battery  L  B,  is  connected 
h  the  sounder  X  to  the  conlacta  D  and  S. 
a  the  key  K  is   open,  the  friction  of  F   on  the  paper, 
~  lient  to  mov«  the  lever  A  to  the  right  so  as  to  close 
t  ot  the  local  battery ;   but  when  Uie  key  K  is  de- 
ad, the  current  of  L,  passing  thi'ough  the  paper,  decom- 
M  Uie  chemicals  with  which  it  is  moistened,  lessens  the 
Ion  ot  the  [Kiint  F,  and  permits  the  spring  B,  lo  draw 
(K^BVer  jL,  to  the  left,  tlms  opening  the  circuit  of  the  local 
"     yLR 

luvemenis  ot  the  key  oi-e  tlierefore  reproduced  by  the 
■e  of  the  electro-magnet  X. 
Sleciro-nOBi-ular  Esvllutlon.— In  etu^tio  the  rape  u- 
iiia  or  furajlic  excitation  ot  the  muacte,  or  its  ex- 
i  eontimious  i^tii-rentB  of  a  voltaic  battery,  or  tJie 
rreuts  ot  an  induction  coil. 
Il«Clro^pllt-«.— I.^ee  Oi-ticK,  Electro.) 
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▲  iMonoir  ABT  or  nBcmoAL 


Eleetrophmms.— An  ai^poratus  for  the  productkm  of  eleo- 

txicity  by  eleetroBtatieinduetiot^  (fieelndudum^EieeiriMiaHe.) 

A   disc  of   vulcantie,  or  hard  rubber  B,  contained    in  a 

metallic  form,  is  rubbed  briskly  by  a  piece  of  oafs  skin  and 

the  insulated  metallic  disc  A,  is  placed  on 
the  centre  of  the  Tulcanite  disc,  as  shown 
in  Fig.  187. 

The  negative  charge  fwoduoed  in  B  by 
the  friction,  produces  by  induction  a  pos- 
itive charge  on  the  part  of  A  nearest  it, 
and  a  n^ative  charge  on  the  part  furthest 
from  it 

In  this  condition,  if  the  disc  be  raised 
from  the  plate  by  means  of  its  insulating 
Fig,  187.  handle,  as  shown  in  Fig.  188,  no  electrical 

effects  will  be  noticed,  since  the  two  opposite  and  equal  cliai'ges 
unite  and  neutralize  each  other.  If,  however,  the  disc  A  be  first 
touched  by  the  finger,  and  then  raised 
from  the  disc  B,  it  will  be  found  to  be 
positively  charged, 

Eleetro-Physloloffi'.  — The  study 
of  the  electric  phenomena  of  living  an- 
imals and  plants. 

Living  animals  and  plants  present 
electric  phenomena,  due  to  the  electricity 
naturally  produced  by  them.  It  is  the 
study  of  electro-physiology  to  ascertain 
the  causes  and  effects  of  these  phe- 
nomena. Fig,  188. 

Eleetro-Platlng. — The  process  of  covering  any  electri- 
cally conducting  surface  with  a  metal  bj'  the  aid  of  the  elec- 
tric current. 

By  the  aid  of  electro-plating,  the  baser  metals  are  covered 
with  silver,  nickel,  or  copper,  or  with  any  other  metal,  such  99 
^Id,  or  platinumt 


Tlie  pixioess  of  «1eotra-p]ating  is  carried  on  us  follows  : 

Tlie  object  tobepiatedisconnecled  witlithe  negative  teiiui- 
nul  of  a  battery  and  placed  in  a  solution  of  the  metAl  with 
wlkich  it  i^  to  bu  plat«d,  opposite  a,  plate  of  that  metaJ  con- 
nrcl^  to  the  negative  terminal  of  the  battery.  If,  for  ex- 
nnipl^,  Ihe  object  is  to  be  plated  witli  oopper  it  is  placed  in  a, 
«>i)iit]D[i  of  ixiptMi-  sulphate  or  blue  vitriol,  opposite  ii  plate  of 
copper.  By  (Ills  arrant'enient  the  object  to  be  plated  forms 
Ihe  kathode  of  the  plating  bath,  and  the  plat«  of  copper 
fornis  the  anode. 

On  the  piissuge  of  the  current  the  copper  sulphate  (Cu  SO,t  is 
ill-composed,  metallic  copper  being  deposited  in  an  adherent 
l.\yer  on  the  articles  attached  to  the  kathode,  and  the  acid  rod- 
ii'ol  (SO,)  appearing  at  the  anode,  where  it  combines  with  one 
lit  the  Atoms  of  the  copper  plate.  Since  for  every  molecule  of 
copper  Kulpliule  decomposed  in  the  electrolyte,  a  new  mole- 
cule of  copper  sulphate  is  thus  formed,  by  the  gradual  solu- 
Uaa  ut  the  L'opper  anodic,  the  strength  of  the  solution  in  the 
batlt  is  muintaini:^  as  long  us  any  of  Uie  copper  plate  remains 
&t  llie  anode,  and  the  ordinary  activity  of  the  cell  is  not 
otlHrrwisi!  interfered  with. 

Whrn  any  other  metals  such  as  gold,  silver,  or  nickel,  for  ex- 
unplo.  arc  to  be  deposited,  suitable  solutions  of  their  salts  are 
I'lai'vil  in  Ihe  batli,  and  pial'js  of  the  same  mutui  hung  ut  the 

Tlie  cluu-acter  and  coherence  of  the  metallic  coatings  thus 
'btAined  depend  on  the  nature  and  streogttt  of  the  plating 
I  iLh,  Mid  an  the  density  of  Ihe  current  employed.  Thesixc 
.lid  position  of  the  anode,  as  compared  with  thatof  the  objects 
[■>  ha  plal«(),  innnt  therefore  be  carefully  attended  to,  as  well 
■»  liw  strength  of  the  metallic  solution  and  the  current 
It  passing.  (See  Dentily  of  Cwrent.) 
Ml,  shows  a  bath  ari-anged  for  silver-plating. 

le  (^untiLstM  of  a  |]lat«  of  ailvt^r.    The  spoons,  forks, 
pbitrd  arc   imraei-sed  in  aHuitabli?  xilver 
t«d  with  the  kathode. 


948 


A  MCnONABT  or  KLBCTHICAt 


Tlic  plectrotyping  profsss  is  employed  for  the  proiiuctioi 
electrotype  plates.  It  was  calind  by  Jacobs,  the  gatoa 
plaatw  process.  The  lermeleetrofgping  is  however  morn  g 
erolly  adopted. 

Electro-Pneumallc  Signals,— (See  "  Sigw^."  Eltctt^ 
Pvetimatie.) 

Electropoliin  Liquid.— A  battery  liquid  coosiBtin^  < 
one  poitDd  ot  bichroinute  of  potash  dJssolvi^d  in  t>?ii  pounds  <j 
wuter,  lo  wLiich  two  iiiiil  one-tiulf  pounds  of  cumiu^rciul  ei 
phuric  acid  have  been  gradually  nddcd. 

This  liquid  is  employed  witli  the  carbon-ziiic  cell  or 
diromate  of  potash  cell. 


t.— TU 


Eleefro-Pniiclnre,  or  dUvniio-Puncli 

application  of  etectrulysio  to  the  treatment  of  ane 
liiseoficd  growtlia. 

The  blood  ia  decomposed  by  the  introduction  of  a  Hne  fil 
Hum  URedle  connected  witli  the  anode  of  a  battel^  and 
Ittlod.  except  near  its  point,  by  a  covering  of  vuloanite, 

Thit  Icntliode  ia  a  spotty  covered  nictalllc  |)liitc.' 


Electro-Rocepllve  Oertcei.— (Sbq  De,vU:es,  Ekvlro- 
Rteeptive.) 

ElectroMCOpe, — Aa  apparatus  for  showing  tho  presence 
"I  an  electric  chargi;,  or  for  determiain^  its  nigu,  w)ioili<!i* 
l">3itive  or  uegalive.  but  not  for  meoAuriug  tbe  value  ot  the 
li-TTge. 

Ill  the  gold  leaf  electroscope,  two  gold  leaves,  n  n.  Fig,  IDO, 
■i>tM'U'lpil  ne-ar  one  another,  nUow  by  their  repulsion  tlie 
jiri^sence  of  a  clmrge,  Two  pitli  hulls  may  be  used  for  the 
aaniR  purpose. 


^°=*cai 


rui. 


II lag  the  si'i/iiof  ii  charge. 


To  ii8«  an  ideiTl.roscojw  foi'del 

iK-golii  leaves  or  plUi  lialln  uj-e  tirst  slightly  repelled  by  a 

liArgf- ol  known  niune,  us,  for  example,  positive,  applied  to 

'■!••:  knoll  C.    They  arc  then  tliarged  by  the  electrified  body 

ivIiOMt  rlinrge  in  to  be  deterniined.     If  they  are  fiirUier  re- 

p-llwl.  itn  cliarge  i»  positive.     If  they  are  first  attracted  and 

nftitrwurda  repc!U<!d,  its  charge  is  negative. 

Sii>»Urly,  t(   the  pith  balls,  B   B,   shown  in  Fig.   181,   re- 

'    I     .  :i  known  cliargei  l>e  approached  by  a  siniilar  chargo 

will  at  oni'e  be  still  further  repelled,  aa  »hown  by 


i-^=L,  U,Flg.  IWO,  cnnneirted  withtl 
iLot  dJv«»sreHce  by  Fmliirtinn. 


irth. 


letlie 


ats 


A.  picncMABT  or  kuoiStiOAli 


BlectroMMve,  Cvndeiulng, T*1(«'b.— An 

clectroeoope  employed  for  th«  detecUon  of  feeble  <d)srges,  the 
leaves  of  which  are  ch&rged  by  means  of  a  condenser. 

The  condeDEing  electroscope,  Fig.  199,  is  formed  of  two  me- 
tallic plates,  placed  at  the  top  of  the  instrument,  and  separated 
by  a  suitable  dielectric.  The  upper  plate  P,  fa  removuble  by 
means  of  tbe  insulated  handle  Q. 
To  employ  the  electroscope,  as  for 
example,  to  detect  the  free  charge  in 
an  unequally  heated  cryBtal  of  tour- 
maline the  crystal  is  touched  to  tbe 
,  tower  plate,  while  the  upper  plate  is 
connected  to  the  ground  by  the  finger. 
On  the  Bubsequeut  removal  of  the 
upper  plate,  an  enormous  decrease 
ensues  in  the  capacity  of  the  conden- 
ser, and  the  chai-^e  now  raises  the 
fiotential  of  the  lower  plate,  and 
causes  a  marked  divergence  of  the 
leaves,  L  L.    (See  PyTo-EleclHcity.) 

EloGtro»cope,   <(iiadrant Henley's,— An 

electroscope  sometimes  employed  to  indicate  large  charges  of 
electricity. 

A  pith  ball  placed  on  a  light  arm  A,  of  straw  or  other 
similar  material,  Fig.  193,  is  pivoted  at  the  centre  of  a  gradu- 
ated circle  B.  The  arm  C  is  attached  by  means  of  the  screw 
to  the  prinie  conductor  of  an  electric  machine.  The  similar 
charge  imparted  to  A  by  contact  with  C,  causes  a  repulsion 
which  may  be  measured  on  the  graduated  arc. 

This  instrument  approaches  the  electrometer  in  its  opera- 
tion, since  by  its  means  simple  measurements  maybe  made  of 
thevalue  of  the  repulsion.  Itshouldnot,  however,  be  con- 
founded with  the  quadrant  electrometer.  (See  Electrometer, 
(Quadrant.) 
Electrostatlo  Field.— (See  FUld.  EUetroalatie.) 


Fig.  131. 


^  akd  fHRA^ea. 
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EtevOvMtslic     Induriion,— (S«e    Induction.   ESe.dro- 

Matio-) 
ElectroHlatU-  lnduv(l(»ii  Mn<-lilnci. — [Sii-  Machines, 

EIrftrontatie  InductUm.) 

RlcciroNtalli-  lAnet  of  Force. ---<S'^<> 
Line*  of  Force,  Electrostatic.) 

Elertroslallc   Slrew.— The    turce,   iir 

[in-jisiire  III  uti  cleL-tric  flulii  which  proiliiMB 
.1  •.imin  or  ile formation  in  a  piece  of  slivfs  nr 
•miliar  liody  t)luciHl  Herein.  (See  Optical 
Strain,  EltctrviilaKc.) 

ElCctroatsUCi.— That  Unmch  of  electric 
K'li-uee  wliich  treats  of  tJie  ph(.>nonionu  und 
inwwiiu^iiient  of  eleiHi-ic  chai-ges. 

The  principles  of  electroslalics  are  ciii- 
liraced  in  the  following  laws.  vu-_: 

(1)  Citnrgfstit  like  nanie,  >'.  c,  either  ]ioh- 
Hive  or  negative,  repel  each  other.  Charges 
iif  unlike  name  attract  each  other. 

Vi)  Tlie  forties  of  attliictjon,  or  repulsion 
iM'lween  (wo  charged  bodies  ai'e  directly  pro- 
|i(.rlii:riii!  Id  thn  product  of  the  (jiittnlilU'-s  of 
'li'tMiiiy  i)aS5ossed  Uy  the  bodies  and  in- 
'M-.  Ii   |irL>|M>rtioiial  to  the  square  of  the  dis- 

Tlii'w  laws  CRD  be  demontsrated  by  the 
'^t--  ut  Coulomb's  toi-slon  balance.     (See  Bat- 

E)e«Tlro-XlKTHpi<ullc-  Balli.— <See  Balh.  Electro-Thrr- 

ElrptrO'Tbcrapeullfii.  or  E let.- tro^Th crapy.— Tlin 

kgjptinUinn  ot  pleulrii-ity  lo  llie  curing  of  dJBeiim'.     (See  EUe- 
nt-Biolofni)- 
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Electro-Therapy,  or  EleetrcHTherapentfea,— The 

application  of  electricity  to  the  treatment  of  disease. 

Eleetrotoniu.— A  condition  of  altered  functional  activity 
which  occuFB  in  a  nerve  when  subjected  to  the  action  of  an 
electric  current. 

This  alteration  may  consist  in  either  an  increased  or  a 
decreased  functional  activity.  The  decreased  functional 
activity  occurs  in  the  neighborhood  of  the  anode  or  the  posi- 
tive terminal,  and  is  called  the  anelectrotonic  state.  The  in- 
creased functional  activity  occurs  in  the  neighborhood  of  the 
kathode,  or  the  negative  terminal,  and  is  called  the  kathelec- 
trotonic  state,    (See  Anelectrotonous.  Kathelectrotonous,) 

Eleetrotjrplng,  or  the  Electrotype  Process. — Ob- 
taining casts  or  copies  of  objects  by  de]>ositing  metals  in 
moulds  by  tlie  agency  of  electric  currents. 

The  moulds  are  made  of  wax,  or  other  substance,  rendered 
conducting  by  mixing  with  powdered  plumbago. 

The  mould  is  connected  with  the  negative  battery  terminal, 
and  placed  in  a  metallic  solution,  generally  copper  sulphate, 
opposite  a  plate  of  the  same  metal,  connected  with  the  positive 
battery  terminal.  As  the  current  passes,  the  metal  is  de- 
I)Osited  on  the  mould  at  the  kathode,  and  dissolved  from  the 
metallic  plate  at  the  anode,  thus  maintaining  constant  the 
strength  of  the  bath. 

Element,  Negative (See  Couple,  Voltaic.) 

Element  of  Current.— (See  Current ,  Element  of.) 
Element,  or  Elementary  natter.— Matter  wliich  can- 
not be  decomposed  into  simple  matter. 
Matter  that  is  formed  or  composed  of  but  one  kind  of  atoms. 
Oxygen  and  hydrogen  are  elements,  or  varieties  of  ele- 
mentary matter.    They  cannot  be  decomposed  into  anything 
but  oxygen  or  hydrogen.    Water,  on  the  contrary,  is  com' 
pound  matter,  since  it  can  be  decomposed  into  its  constituent 
P&i*ts,  oxygen  and  hydrogen. 


■WORIIS,  'TEftUS  AWD  t>aRASes. 

There  we  about  Heventj  well  known  elements,  some  of 
which  are  very  rare,  occurring  in  extremely  sraM  quiintities. 

The  ovideDce  of  the  true  elementary  coiidition  ot  toany  iif 
the  (OernenU  is  bused,  to  &  great  extent,  on  the  tact  that  bo 
fur  thi-y  have  resisted  all  offorls  made  to  dei^ompOHe  them 
'iilu  Bimpler  substances.  We  should  bear  in  mmd,  however, 
ilut  until  I>av]''8  use  ot  the  voltaic  battery,  potush,  soda  und 
>;tujiy  otlier  ttimilor  compoundH  were  reg^arded  aa  true  ele- 
■aenbi.  It  is  therefore  not  improbable  that  many  ot  the  now 
lUrd  elementfl,  may  hereafter  be  decomposed  into  simpler 

.,  Positive -—{See  Couple,  Voltaic.) 


I  The  roUowing-  tublen  g'ive   the  names,  cliemical   symbols, 
piVHleDls  and  specilic  gravitiej^  of  the  principal  elements. 
Imple  Subtlancca.  with  their  Symboh,   Equivalents   nnd 
Specific  Urnvilieil. 


Name. 

Symbol. 

Equiv. 

8p.  Grav. 

Al 
8b 
As 
Bi 
Br 
Cd 
Cft 

c 

CI 
Co 
Cu 

F 
Au 
H 

I 

Fe 
Pb 

^^ 

13.7 
04.8 
37.7 
71.5 
78.4 
65.8 
30.5 
S.1 
85.5 
38  5 
81.7 
18.7 

1M.6 
1.0 

130.3 
il8.5 
28.0 

108.7 
12.7 
S6.0 

5.70 

8.SS 

1.58 

8.90 

2.M 
8.S3 

8.80 

0.06B 

4.94 

18.68 

1.76 

8.00 

2&^ 
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Namr. 

Symbol. 

Equiv. 

Sp.  Grav. 

Mercuiy  -.. 

Hg 

Mo 

Ni 

N 

Os 

0 

Pd 

P 

Pt 

K 

R 

Se 

Ag 

Na 

Sr 

S 

Te 

Sn 

Ti 

W 

U 

Zn 

200.0 
47.9 
29.5 
14.2 
99.7 
8.0 
58.8 
15.9 
H8.0 
89.2 
52.2 
40.0 

108.8 
28.5 
48.8 
16.1 
64.2 
58.9 
24.5 
92.0 
60.0 
82.3 

18.50 

Molybdfenum . .. 

8.60 

Nickel 

8.80 

Nitrogen. 

0.972 

Osmium 

10.00 

Oxysren 

1.103 

Palladium  .... 

11.35 

Phosphorus .. 

1.77 

Platinum 

21.50 

Potassium 

0.865 

Rhodium 

11.00 

Selenium 

Silver 

4.5 
10.5 

Sodium.... 

0.972 

Strontium - 

2.54 

Sulphur 

Tellurium 

1.99 
0.30 

Tin 

7.29 

Titanium _ 

5.28 

Tungsten 

Ui'anium 

17.00 
10.15 

Zinc 

7.00 

Element,  Thermo-Eleetrie 


Clark  <St  Sabine, 
— One  of  the  metals 


or  substances  which  forms  a  thermo-electric  couple,  (See  Cou- 
ple, Tlienno-Electric) 

Element,  Voltale One  of  tlie  metals  or  sub- 
stances wliich  forms  a  voltaic  couple,    (See  Couple,  Voltaic,) 

Element§,  Eleetrleal  Classifleatlon   of A 

classification  of  the  elements  into  two  groups  or  classes  ac- 
cording to  whether  they  appear  at  the  ano<ie  or  kathode  when 
elcctrolyzcd. 

The  chemical  elements  may  be  arranged  into  electro-positive 
and  electro-negative  according  to  whether,  during  electrolysis, 
they  appear  at  the  negative  or  positive  terminal  of  the  source. 

The  electro-positive  elements  or  radicals  are  called  hathionM^ 


id  Appear  at  the  katboile  or  electro-negative  terminal.  Tlio 
'In.'tro-pegativo  elements  are  culled  anions,  anil  appear  at  the 
luiode  or  the  electro-positive  tcrminaL     (See  loim.) 

Tlic  luetuls  generally  are  eletiU'u-positive ;  oxygen,  chlorine, 
Luilmu.  fluorioe,  etc.,  are  eiecti-o-iiegutive. 

Elongalion,    nagnetic An    increase    in   the 

Irn^hot  nbur  of  iron  on  it»  tnagnetizatiun. 

This  iui'rcusc  in  length  is  thought  to  grettUy  strengthen 
Hughes"  theory  of  iiiagnctiani.  (Sec  Magnetistn,  Hughes' 
r)u,.ry  of.) 

Einb<M»er,  Telegmphlp An  apparatus  for  re- 

corfhogutelegrapliic  measoge  in  i-aiaed  or  embossed  cliariutcra. 

E,  n.  ff. — A  contraction  genenilly  used   (or    the    word 
dectro-iHolive    force. 
Encrsy.— Tlie  power  of  doing  work. 

The  amount  of  work  done  is  measured  by  the  pradMct  of  the 

forre,  ;iiid  the   space  through  wliich   it   moves.     Thus   one 

pnaud  rnlscd  vertically  through  tea  feet,  ten  poimda  raised 

through  one  toiA,  or  Ave  pounds  raised  through  two  feet,  all 

rvpresiiot  the  same  amount  of  work,  viz.,  ten  foot  liounds. 

If  -L  ivcight  of  ten  pounds  be  raised  through  a.  vertical 

r  olio  tool,  liy  means  of  a  string  passing  over  a  pulley, 

I   I1U.VU  been  expended  an  amount  of  energy  repre- 

rlie  work  often  foot  jtounds.    U  the  weight  be  pre- 

111  liny  wny  from  falling,  as  ny  tying  the  airing,  it  will 

lit;   f-tureJ   in   it  an  amount  of  energy   equal  to   ten  foot 

l.-.iundu,  and    M  permitted  to    fall,  is  capable   of  doing  un 

:t:iiouiit  of  work  which,  leaving  out  air  resistance  and  friction, 

.«  'xacfly  pipial  to  that  expended  in  raising  it  to  the  position 

[nmi  which  il  full.i.  vie.,  (en  foot  pounds  of  work, 

diern'<  Actual, Klaetic  Encrn*,  Energy  of 

~  K. — Energy  eraployi'd  in  doin^.?  work,  ortlie  p-jwerot 

k  poMMsed  bjr  bodies  tliat  lire  in  motion. 
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KnergFy  Atonde  or  Chemieal  Potential The 

potential  energy  possessed  by  the  elementary  chemical  atoms. 
(See  Energy,  Potential,) 

Knergy^  €)oiuervatioii  of  -*— —  —(See  Conservation 
of  Energy,) 

Energy,  Degradation  of (See  Degradation  of 

Energy,) 

Energy,  Electric The  power  which  electricity 

possesses  of  doing  work. 

In  the  ease  of  a  liquid  surface  at  different  levels*  the  liquid 
at  the  higher  level  possesses  a  certain  amount  of  potential 
energy  measured  by  the  quantity  of  the  liquid  at  the  higher 
level,  and  the  excess  of  its  height  over  that  of  the  lower  level ; 
or,  on  the  difference  of  level  between  them.  This  difference  of 
level  will  produce  a  current /row  the  higher  to  the  lower  lereU 
and  during  the  passage  of  the  current,  potential  energy  will 
be  lost,  and  a  certain  amount  of  work  will  be  done. 

In  the  case  of  electricity,  the  difference  of  electric  level  or 
potential,  between  any  two  points  of  a  conductor,  causes  an 
electric  current  to  flow  between  these  points  from  the  higher 
to  the  lower  electric  level,  during  which  electric  potential 
energy  is  lost,  and  work  is  accomplished  by  the  current.  (See 
Potential,) 

The  amount  of  the  electric  work  is  measured  by  the  quantity 
of  electricity  that  flows,  multiplied  by  the  difference  of  poten- 
tial under  which  it  flows.    (See  Joule,  or  Volt-Coulotnb,) 

Electric  energy,  however,  is  generally  measured  in  electric 
power,  or  rate  of  doing  electric  work. 

Since  an  ampi^re  is  one  coulomb  per  second,  if  we  measure 
the  difference  of  potential  in  ro/f «,  the  product  of  the  ampercjs 
by  the  volts  will  give  the  electrical  power  in  volt-amperes,  or 
watts,  or  units  of  electric  power,  C  E  =  The  Watts,  (See 
Ampere.     Volt.     Watt,) 

One  horse-power  equals  ^  foot  pounds  per  second,    Oii^ 


,  VCWD8,  TBBKB  ABO   PBBABB8. 


Wat*  or  volt-ampdre  =     }^,  of  a  liorac-power,  ot'  I'ni!   horav- 
jkhmt  tMiuiils  7M  voil-ampfri't  or  wtittn,  therefore  : 

TKs  airrcnl  in  umpirta,  multiplied  by  the  difference  ofpo- 
■  nlial  in  t'oltM,  dieided  by  7iS,  equals  the  rnle  of  doing  wgrk 
,iL  horx-poieer. 
m     Thns,  if  .7  anipdrc  is  re<iuire<l  to  opeiule  a  IBcaadte,  110 
■^riti  iDcaDdescent  lanip,  it  requires  i.9  loatta  per  ctiDtlli;. 
^m  One  Watt  =  44.33S4  fuot-pouads  per  minute. 

^r  Ob*  Wall  =  .737324  [oot-pounds  per  second. 

Tlie  Heat  Activity,  or  the  heat  per  second  produtcd  by  an 
clHi.rin  i-urreiiti  is  also  proportiDmLl  to  the  product  C  E,  or  the 
watts,  tor  the  heat  is  jiroportionul  to  the  sqaare  ot  the  curreut 
la  <tmpfret  mitltiplied  by  the  resittance  ia  ohms,  or  C  R  = 
Uw  Heat.  (Spe  Calorinteter,  Electric.) 
By  Ohm's  Law  {See  Ohm'a  Late), 


(I), 


rCB 


:  ,  (8), 


p  tbe  idiKAriL'  power  or  the  watts  =  C  B        (8). 
t,  tMW.  we  sulislitute  the  value  uf  E,  takeu  fi-uin  equation 
n  MiutOion  (8}  we  b»ve 

CE  =  CXCR^C'R; 
*  C*  R  =  watts. 
bd«tnraiilie  Uie  heating  [Kiwcr  or  u  uun-ent  Id   »iiiiill  val- 
(,  cnlling  H.  the  atnuunt  of  heat  required   to  raise  t 
t  of  viaXt-r  through  1"  Cent.,  and  C,  the  current  in 

H  =  (■•  R  X  .34. 
L  far  BBjr  number  of  seconds,  I, 

H  =  C  R(  X  .^4, 
B,  odP  Willi  =  .24  caluries  per  second.     (Sea  Calorie.) 
rt  front  Ohnin  luw. 


■  =  -         (1), 


1-  the  watts  =  C  E  *      (3) 
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By  substituting  ia  equation  (2)  and  the  value  of  C  in  equation 

E      E» 
CE  =  EX  —  =  —  =  watts. 
R       R 

That  is  to  say,  the  electric  power,  in  any  part  of  a  circuit 

varies  directly  as  the  nquare  of  the  electro-motive  force, 

AVc  therefore  liave  three  expressions  for  the  value  of  the 

watt  or  tlie  unit  of  electric  power,  viz. : 

C  E  =  watts.         (1) 

C«  R  =  watts.        (8) 

E« 

—  =  watts.  (8) 

R 

(1)  C  E  =  Watt« ;  or  the  electric  power  is  proportional  to 
the  j)roduct  of  the  quantity  of  electricity  per  second, 
that  pa.sses,  in  amjfcreSt  and  the  difference  of  electric  poten- 
tial or  level,  through  which  it  passes,  in  volts. 

(2)  C*  R  =  Watts;  or  the  electric  power  varies  directly  as 
the  resistance  R,  when  the  current  is  constant,  or  as  the 
square  of  the  current,  if  the  resistance  is  constant  That  is 
to  say,  if  with  ii  given  resistance,  the  power  of  a  given  current 
has  a  certain  value,  and  the  current  flowing  through  this  same 
resistance  be  doubled,  the  power  is  four  times  as  great,  or  is 
as  the  square  of  the  current. 

E« 

(3)  —  =  Watts,  or  the  electric  power  is  inversely  as  the  re- 
R 

sistance  R,  wJien  tJie  electro-inotive  force  is  constant. 

A  circuit  of  one  ohm  resistance  will  have  a  power  of  one  watt, 
when  under  an  electric  motive  force  of  one  volt,  since  it  would 
then  have  a  current  of  one  ampere  flowing  through  it,  and 
C  E  =  1.  If,  however,  the  resistance  be  halved  or  becomes  .5 
ohm,  then  two  amp<ires  pass,  or  the  power  equals  2  watts. 

Tho  nower  varies  as  the  square  of  the  electro-motive  force 
of  a  circuit,  when  the  resistance  is  constant  in 


wmtn),  -rintMfl  akd  ntRAsm. 


IiaC  [Hirt.  Thiis2iim|>»re<i,  »n>t  2  vnltH,  in  u  cirL^nil  of  oiip 
I'liiii  ivsiidAnce,  g'wn  a  |iow((r,  ll  K  ^  y  x  a  —  <!  watla.  If  now, 
i;  ri*niiuaingtlii>piaiii^.  tli<?<.'twli-<i-tiK)tive  foive  bt' i-ajsej  lo  4 

■  ills,  tlusii  ainufi  K  is  iliiiilileil.  Ci.  or  the  amin^resi  iire  iloubleil. 

uul  CXE  =  4X  +  =  10  wiiKs,  Of  —  =—  =  !(!. 
IJ        ! 
Eoergf*   BIccIrio  Tr»n«niiM!iioii  of The 

rinsnibeiun   ot    [uei^lianicAt    energy   Liutween    Iwo    UtHtaiU 
i^niits  t-onawited  by  an  elefti-ic  I'oaiiuctor,  by  oonvertiug  the 
iiivhanical  energy  inU>  electrical  ener^fynt  one  point,  uend- 
iii^-lhi^i'urrentsi)  proUiioeil  tliroiigh  the coDiliiotor,  and  ret'on- 
^-Tlin^  llie-electrii^l  iiito  met^hunicat   energy  at  tlie  other 
luiat. 
\  ii]r»t«nri  for  tlie  (-lectrio  transmission  of  energy  embroceR  ; 
lit  A  Ciinilaeting  CirvHil  l)etween  Iwo  stations. 
r.'l  .In   Kltelrii-  Sonrer,   or  batt«ry  ot  electric  doui-cm,  or 
iii.i'binm,  at  one  of  tiic  stationti,  generally  in  tlie  lorm  ot  a 
'  >  rimiiir-HecLric  mw-'liine,   tor  converting  nietrhaniral  energy 
iiic  r1«clric  energy. 

i,:(|  KIri'Ini-HiveiiHi'f  Derieeii,  Ki-'werally  electric  vuilorK,  at. 
i>'-(itlii^r  slnlion  for  reuin verting'  Ihe  olectrii:  into  mechanical 
ri.T5-y.     (Sec  Molars,  EU-cfiii-Miignrlic.) 

V.uer^f,  Poleullal,  Eiicrfcy    or   Pokllion, 

Mnilc  Eiirrgj't  **'  Energy  nt  Slr«M,— Slonil  ■■lu-rgj' ; 
'"ii'-y  or  Oiiiiabilily  of  doiiifj  woik, 

I  .1'  ity  lor  lining    woi'k  poHHesBeJ  liy  u  boily  at  resl. 

Ill  ila  piHiilionas  rcgui'ds  the  eivi-ili,  or  from  Ihe  jios- 

iioiDS  tie  regardH  other  atoinii. 

I'l  ot  ooul  it  rikised  vertiailly  ouo  fool,  potueHscs,  as  a 

I  :i' iv<;i^'hl.  oil  amount  ot  energy  i^apable  of  doing  an  amount 

r  work  <hiuaI  Io  oni*  foot  |>oiind.     Tiie  atoms  ot  cirlHiii,  liow- 

r.  of  wliioli   it  it  iL'oni|K>'<i->l.   Iiivvo  Iji^en  rnlm-ii  or  m-imraUd 

•  Ibote  of  tirngrn,  or  snnio  oilier  i-lHCih'nliiry  sulistuncc, 

kwbMI  Ihc  coa.^  in  liuriicd.  or  tile  uarbori  i>toin»  fall  tuwunU 
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theoxyf^n  iUoms  (i.  c„  iiiiilp  with  Ih^ml,   th^  t-oal  privw 
the  potentiiil  i>iii;r^'  of  ita  iiUiiiiHiu  the  form  of  lipat. 

All  elein(>nl:ki-y  HiiliHlMnd'H  pnasesH  in  llie  saiut>  way  dtontic^ 
or  chemieal  jii<tmtiiil  fHtrgg,  or  the  pneix>'  with  whiclt  Ih^ 
tpnd  to  fall  li>ff.>|lipr.  Thitt  pnenij'  variea  iu  aiuuunl  in  differ- 
ent  elemeni.s  iuiil  h.H'oiin's  kiiiftic,  as  heat,  on  combination 
with  other  I'li'iiir'nlA. 

En^ne,    Elect  ro-Miiinietlc A    motor  whose 

driving  po^i'iT  iu  I'lectritity,     (See  Mofor,  Electric^) 

EmgravUtg,  Acoiiitllc Buj^ravln^:  by  the  humftii 

In  the  Phnnograiih,  Qraplwphone,  and  Oramophone,  a  dia- 
jihi'ag'm  IN  net  in  vibration  by  the  speaker's  voti'n  so  that 
it  ciitu  or  enRTaves  a  i-ecortl  of  its  to-and-fro  iiiovementH  on  & 
slii^t  ot  tin  foil,  on  a  cylinder  of  hanlent-d  wax,  or  on  a 
H|>ecially  coated  plate  of  nietAl  or  glass.  This  record  is  em- 
lil<)yed  in  order  to  reproduee  the  gpeeeh.     (See  Phonograph.) 

EnffTOvliiic,  Eleclrlr or  Electro-ElchlDg. 

— A  method  for  electrically  etching  or  engraving  a  metallic 
plate  by  covering  it  with  wax,  trucing  the  design  on  the  wax 
so  as  to  expose  the  metal,  connecting  it  with  the potiiire  ter- 
minal of  ft  battery,  and  placing  it  in  a  bath  opposite  another 
plate  ot  metal. 

By  the  action  ot  electroly*i»  the  metal  is  dissolved  from  the 
exposcil  portions  and  deposited  on  the  plate  connected  with 
the  other  terjuinal  of  the  battery,    (See  EUctroiysix.) 

By  connecting  the  waxed  plate  to  tlie  negative  terminal, 
the  melal  will  be  deposited  on  the  exposed  portions,  thus  pro- 
ducing the  design  in  relief.  This  latter  method  is  not,  howi 
ever,  apt  to  produce  asuRtciently  uniform  deposit  to  enable 
the  plate  so  formed  to  be  used  for  printing  from. 

Entropy.— In  thermo-dynamics  the  non-available  energy 
'    any  system.    (Clatintu  and  Mover.) 


Tlu-av»il:il.l.M-.L..|-j,'yitiiiny  sysl^in.  {T.,11.  Thom»o,i.»wl 
V-utptH.  I 

.Ai  ivill  Ii«  nol.i(*(i  tlii«  |j"riti  is  iMoil  in  entirely  (lifferpnt  ami 
'<|i)iaiiil(!  spnt««  liy  tlilTeri'iil.  Hcientiliu  ini-n.     Tlio  liitUr  sense 

■  .  itIli^is.  the  one  nuKt  >^'np|-nlly  taken. 

Kmtt  onprg'y  is  uvnilnliln  for  iloin^  usiefitl  pxterniil  work 
'ily  «1k*ii  the  soiina!  of  hi?iit  is  liotltT  than  siirroiimlinij 
.rdim.  Uiot  is,  wlu'n  tlw  lii'iit  ia  transCercPil  froinii  holti-r  to  u 
^'M^r  iKidy.  When  all  bo<lies  lioquire  the  luinie  t'<m|)eriitiir>' 
ii'i  imiri!  i'Xti>rn:il  work  cnn  be  Anna  hy  lliein.  \»  llx'  viiri»ii<4 
'  rknsforntatioas  of  energy  xoine  ot  tUe  i-nergy  is  i-onviTl-'il 
"!<>  Iwiit,  and  tJiia  heat  is  gradimlty  iliffiiseit  tliioiifcli  Ui.' 
loiviTMV  uml  lliii*  becomes  non-availoble  to  muu.  Tliei-e. 
''  I--,  th<-  i>ntrupy  at  our  earth  itt  decreoxing. 

"  Ktitropy,  in  Thermodynamics,"  sayn  Maxwell,  "  \n  a 
I'liknttty  n-latiiih'  to  a  body  such  that  its  jnoreaMc  or  iliniinii- 
1.^11  unpllcs  that  heat  has  entered  or  left  the  bo<ly.  Tli>- 
'iiiiiimt  of  heat  whii^h  ent«m  or  leaves  Hie  body  is  nieasiireil 
■'■.  llip  [triNliiL-t  of  the initreiuii*  or  diniiniitioii  of  entropy  into 
111-  trni[wruture  at  which  it  takes  place." 

Kalrapr<  EI«<»H1* A  tenii  proiHJsed  by  Maxwell 

II  1  lirniio-<>liK'triv  phenomena  to  include  the  dortrine  of  en- 
-uiiy  in  elwHrio  scienoe. 
■'Wlwnnn  electrio  current,"  says  Maxwell,  "passes  from 
11-  RMttiJ  to  anotlior  heat  in  emltteil  or  aliHorlmd  at  tbu  'nine- 
'  'a  of  tlie  in«Uils.  We  should,  thei'fifore,  suppose  that  the 
ii-i-Lrit:  i-iitropy  has  diinJnlslled  or  increased  when  the  elet-- 
riitly  pawwH  froMi  one  metal  to  tho  other,  the  olivlrio  entropy 

■  log  different  aicording  lo  the  nature  of  tho  medium  in 
'.liiiTh  the  pIoiAridLy  bt,  an<l  being  affeistiil  by  ita  temperature, 
Mtm»^  slriiin,  etr." 

tiar,  4>eoKmpliloal An  imaginary  great 

M  poNnin}; iiniund  the  eurt.h  midway  belween  its  jHiles. 

taalor,   Mnsnellv ^The  magnetic  parallel,  or 

!■  OB  Uw  earth's  nurfact!  where  a  niagiieliu  neodle  frco  to 
*  Iiorixuulal. 


n 


-"J :  :'v<;(-  Jt^itiMv^  br  the 


«artk  approkxiiiutely 

,— A  poiHl  MiiiwAy  b»>C  w«fi»ii  tiie  poles 

br  Dr.  GOiwt.    It  »  now  abnost 
«ji#or^HJil«L 

,— Sorfai^nL  all  the  poiats  of 


Elff^vic  ^sHaak  pfqwaicalar  to  the  liih^s  of  tieetrie/orct 
Y--?  *  .».ij  jh^j-iuitity  of  e)ectricitT»  «xMfcn«iefv«l  as  t>oiiig^  oon- 

centrated  at  a  |K>int,  may  be 
iiiovtHl  without  iIoin±:  work.  (^See 
/'iVJSi/.  I3tvtru*ttttH\ ) 

In  eletnrostatk's.  <H|iii potential 
surfat'escorresnoml  with  a  wat<»r 
l»*vel,  over  whioli  a  IkhIv  niav  be 
inovetl  horizontally  a«;;iinst  the 
force  of  jrravity  witluMit  doin^ 
anv  work. 

In  tlie  (rase  of  tlie  fhar^eil  in- 
sulated sphen\  shown  in  the  Fi^. 
194.  the  «H|ui|)otential  surfaces, 
representee!  by  the  circles,  are 
com^entric*. 

R^«i|H»ceati«l    fiarfkrea,    Mairnetlo 

Siirf;iiVs  suri\>undin^  the'|M>lesof  aniag'net,  or  systtMn  of  ma^- 
m^ts,  whert^  the  niairnetic  potential  is  the  same.    (See  Poten- 

Mii^uetio  tHpii potential  surfaces  extend  in  a  direction  per- 
Nliiii'uUr  to  the  lines  of  iiia^rnetic  force.    (Sec  FieliU  Mitg^ 

INK) 
Bwwiow  work  Lh  roquirod  in  order  to  move  a  unit  pole 


/l.T  :>:. 


btcnliul  mug  ne  lie  aur 

J nes  of  niB^etic^  tnivs. 


1  ^t.ii.B;^-.,  Yiii.:i.ii.-i  electric urinngncti(.-,cannt)t 
lUOtlwr  KJUL'):  tlieir  put«ntiulislhe  aamu  at  all 


E^nlvwIcHl,  Chemicul Thu  ({uutiunl  obtained 

l-Ti!iTiiimg  t\n!  rilomhiecighl  of  iinycloiiientary  substance  by 
•u  ritimiclt!/.     (S*^e  At'miic  Wfight.    AtuMii-itff.) 

Th'-i'hiniiiOii1oc]uivMl«ntbiilillGivnt  tmnilheutoiniii  woiglit. 
n..-  ntomii^  writ:l)t  of  gniil  is  IW.O,  but  sinra  in  chemuul  com- 
iKiuitioii  oiii!  aXaui  of  g»id  in  (.'upablu  i>(  i.'i)tublniiif;  witli  tlii'ue 
..Fonia  of  liyilroRfii.  till!  wL'iglit  uf  lliii  ifolil,  (vjiiivulent  [o  that 

'  unc  iktoiu  of  hyilrogon  is  onc-tliird  of  106.6,  ur  Ou.S. 

Kqulrnlcnl,  Elortro-C'bcmleHl.— A  number  ropieHi'rit- 
r-k.'  till-  wiglil  -jt  art  pipmeiiliiry  siilwtiiiHM  liborutud  ihinn^ 
■'irirvlgiiiii  hy  Um  pasEuge  of  onecuufoniboteleclriuily.     {Hvn 
fliriri>lyMi^.    Ciiiilimili. ) 
[t  itiiit  be  >Monuin>nl  <!X|>ei-iiiieutiklly  tluit  ooo  miilomb  of 

(V    •.-'(iwniliHl    eleulnilytically   will    liborato    ,0000105 

-•■I  liydmgi'o.     Tiiereforu  » i^urrent  of  one  nrnjii^rr. 

■■■I bjH-f  »fcinid,  will  libfralG  .O0OUI05  gcamme  ut 

r  (u-eoittl.     Tb<:  iiitinbur  .0000105  is  tbu  >.-le.;tro- 
Ui»U  i-iiiuvalcnt  of  hyitrogcn. 

fj*»ctrii-iiiciiiiciil  equivnlents  of  Die  Other  elenmnls 
iliunoil  by  iiniltiplying  Uie  clectro-eheniKal  njuiv- 
r  bytlnife'en  by  the  ebimii'iil  yiiiuviilent  of  the  sub- 

1,  ttie  t'betiili-sil  oi|iliviili>nl  uf  |iutiiH4LUiii  Is  'i'3.  \.  llien'fan: 

Botro-i^hcitiK'al  ii|ilivul<'iit  ■»  ;tt>.l  v  .rKKKI|tK>  _  i>i)oiionr>. 

JtiplyinKllir'Klri-iiKlli  nf  ilu' .  mivnt  ib.il  |...hsrs  by  U.e 

■«hpniii-iil  i'i|iiivnli;iil  iil    iiii\  Mili-f.uii-i-    »•■  obluiii  tlm 

iHliiit  ftlilixUin'''  lilivi,il..l  liy  ■■!■■. Ii'iiiysi!.. 

wiuR  Table  ul  Kl.'i  U'rM  ■|i.'iui.  a!  I->|Miviil.-ritH  IB  Cul- 
(lirTeri'iitiiutlu.i'itius,  iiuinly  llu^[>iUili<  r. 
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KqiilvHlnil  »r  llfHl,  nr<-hHiilfHl  - 


■Iqulvoll.— -V  li'i'iii  |ii 
of  plwlvii-'al  L-[H-'rg,v,  iiiiplii 


ii-.ril  liy  .1.  T.  Sp)rairu"-*  for  the  umtl 
L'siHiuuilly  to  L'lieiiiii-al  ilecompoeh  I 


IM^    Ht->On<s    isiuivolt   as   fullows  ;  '•  Tin'    mpclirinioal 
i-oll  eli»;tro-mi>tive  forte  exei'teil  urulcr  unit 
"titiotts  UutMish  Doe   pqiiivoJpDl  uf   chemicail    uctioii   iu 

riiw    t«?r»»  luis  not  l>eeii  gencnilly  ;i(.-(wpt«d.    (See    Volt- 
■itinnb,  ttr  Joule,) 

p,r(. — Thn  unit  of  work,  or  tlie  work  douc  when  unit  force 
-•v>;n-omr?  tliroiigli  unit  distance. 

Tl)v  work  imuamplitilieil  wiiun  u  liuily  in  miivcc]  through  a 
>i->t*nt.-v  or  oniiiH-ntimetrc  with  the  force  at  oaa  dgnc.     (See 

Til'-   «'<>rk  dimi*   when  a  wfij^lit  of  onu  gramme  is  riLlsed 

_-nivitj  through  H  vprtical  hciji^lil  of  onn  e<!nliiiiKrp, 

■■■  981   i-ripi,  beouiise  Ihu  weight  of  one  gramme   is 

■  Fi.-s  "r  BSl  ergB. 

■J  iif  is  Uii?  unit  of  force,  or  ii  force  c»|iiihle.  iifl.cr  iu-L- 

:^   lur    on«    Hcuood.   of  giving  ii   miuu   of  one  gramme   a 

•  ^ImrH y  of  one  ci-iitt metric  jwr  second.    Tlie  wight  <if  u  horiy 

.1.  ilfici.  It  Uie  force  with  which  it  gruvitates,  is  eijiuil  lo  its 

aov  kfi  gi'iunmcs,  multipheil  by  the  ucoderation  impnrteil  to 

II  in  i-rotiin'.'lr'w  [wr  seiwrd.    For  tiiis  liktitude  tiic  accdwa- 

iMHi  i«  aiwut  U91  ceiitlllielrea  |>er  second. 

,n-ing  in  ergs  the  work 


Erg-tcn.— A  tBrin  imijms.Hl  for  ten  million  ergH  or  1  X  lO'" 

io.m)o.ooa,oo<). 

In  iviirmentuig  large  niiinbciv  contiLiiiitig  nmny  <'i|ih<'rs  U\e 

i^n  n  oftKit  adopted  of  rirprraeuting  the  number  of  I'lphTK 

'linlnfv  tcibniuhted  tuu  given  D(imbi;rby  10,  with  an  vxpODifiit 

-I  •    ilifinitmbernf  dphi-rs.     Thus.  88x10'  imticatea  that 

i  .   fxlloMi'il  by  n,'ipli...i-s.  thus  a,HOn,IH)0,[KIO. 

.1 '  ivn  expunenli  ub  !( X  10-'  represents  the  correspond- 

M.I..I  tliUK  .iK'.OOO.OOi!. 

I  .Tvi  X  10'".  or  lO.IRKi.iXKMHW  I,,  .-ttlltd  un  urg-d-u.     I  X  l"' 
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=  an  crg-tii:  Tlwse  lai'itw  arc  not  in  gciiei-iJ  use.  Ten 
raeg-ei^  is  a  prefurablc  {ihruso  Ut  aa  erfe'-IcQ.    (Sec  Meg-erg.) 

Escape,  Electric A  lerm  aometimea  employed 

to  indicate  thr^  loss  of  t;harg«  on  an  insulated  conductor.  (See 
Leakage,  Electric.) 

Etcblnc,  Eleclrlc (See  Emjraving,  Electric.) 

Etbcr. — Tlie  tenuous.  Iiigltly  elo^tio  lluid  tliat  in  assumed 
to  Hll  all  space,  and  by  vibrations  or  waves  in  wliich  light 
and  heat  are  ii-uuKiuittail. 

Although  the.existence  of  the  ether  is  OHSumed  in  order  to 
explain  certain  pheaomena,  its  actual  existence  is  very 
generally  credited  by  scientific  men,  and,  in  reality,  proofs  are 
not  wanting  to  fairly  establish  its  existence. 

Light  and  lieat  are  believed  to  be  due  to  transverse  vibra- 
tions in  the  etlier.  Magnetism  appears  to  be  due  to  whirls  or 
whirl-pools,  and  an  electric  current  is  believetl  by  some  to  be 
due  to  ether  set  in  motion  by  differences  in  the    ether  pres- 

It  is  not  correct  to  i*egarcl  the  luminiferous  etiier  as  ]>ossess< 
ing  no  weight,  or  as  being  imponderable.  Maxwell  estimates  its 

■•■"•''J  "  i,ooo.(ioo,i»o!L,ooo,ooo,ooo  """  °'  •""'"■   " 

is  very  readily  moved  or  set  into  vibration,  its  rigidity  being 

estimated  at  about  ■  -- „  ■-,„  „„  ■  that  of  sleel. 
1,000,000.000 

Aut'ording  to  tlic  speculations  of  some  physicists  tlie  ether 
is  not  discontinuous  or  gi-anidar,  but  is  similar  to  what  might 
be  regarded  as  an  almost  impalpable  jcUy. 

Eadiomctcr.— A  Vidtataeter  in  wiiich  se|>aratu  gradu- 
ated vessels  arc  provided  for  the  reception  and  iiieaMureinent 
of  the  yaseoiis  products  evolved  din'ing  electrolysis.  (See 
Voltiimttcr.) 

In  all  cases  electrodes  must  be  used  which  do  not  ent*!r  into 
combination  with  tlie  evolved  gaseous  jiroducts.  In  the 
case  of  oxygen  and  hydrogen,  platinum  is  generally  used. 


A  (iiriti  (i(  pwdioiiieler  is  shown  iti  Fig'.  192.  Two  separule 
.-Uv  vcfisds  provided  »t  tlie  t>>[>  witli  hUi|i  eookb,  iind  o|icn  at 
'ii'-ir  lowi"  end*,  rest  ill  a  vessel  of  wiiti?r  A,  ovit  pliiliuimi 
>'l>','trad<is,  ii)iiiHu.'ted  nlectriciilty  with  bindiug  pusU  K,  K. 
iiiEli  vpsiicIk  m'v  filled  wilh 
ilpTslijjIitly  aiadidated  with 
iilpbiirit:  uuid.  imd,  when 
.iHM"-t'"il  witli  II  btitlery  at 
■uiHdi.*nt  elei-tro-iiioliveforcf, 
less  Uitw  l.a  x-ullH),  i'Ipu- 
takes  pliw'v.  iiud  liy- 
gan  collects  iri  IIih 
Vned  OVIT  the  platililKii  ^;1^.■L^- 
Irwle  loiini'i'ti'd  with  the  neg- 
ativr  hutlory  terntinul.  Hnd 
Dxyjjoii  m  llixit  oviT  till!  one 
.  iinnn-ted  with  the  |)onitive 
■  i.illory  f pnniiial.  TIip  volupic 
T  ihv  h.vdrofji'n  is  about  twice 
!-■.  fir«it  OH  thill  of  tlie  oxygen. 
Sw  Water,  Elprinilj/iiut  nf.) 
Evnpurallou .— Tlic 
ii.inp-  from  th(< liquid  tu  the 

\Vptvl«th«i  i-xpi.m-'l  !■>  Ill'-- 
iir  »r"  drind  liy  Un?  eviijiuiu- 
:ioii  ur  Ihn  wiitni'. 

Kniiorutititi  in  grvuloi' : 

'T)  The  mora  rxli^nded  tin; 
"irtaiv  MpOMOal. 

i3t  Tin-  higher  the  letu|KTittiiie  o(  Ui 

i3|  1'li«  th-yer  thu  uir,  or  Uiu  miialkiL 
jln»dy  in  H. 

[it  Till'  striingi-i-  Ihu  wiriil. 

Th«  Binullui-  Ihu  |iresaiii'i:  of  ih'.'  a 
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EvspopBtlon,  RlevirinfUliuH  by ElectrificO' 

tion  resulting'  from  the  contieoHatiuo  ot  a.  iiiosh  of  vapor. 

Tlip  free  fleet  rk-ily  of  the  atnionphure  is  lielieve<l  by  Hoiiie 
to  be  due  to  the  condensaUon  of  the  vapur  of  thn  air  that 
results  in  itiin,  lioil,  cluuda.  etc.  It  is  probable,  however,  ■ 
that  the  tnio  effect  of  condensation  h  mainly  limited  to  the 
incrcoHe  ot  a,  feeble  elet^riHeation  already  potwessed  by  the 
air  or  its  cimUuneil  vapor.  The  tiniall  differciiee  of  potential 
ot  the  exei!t^dingly  kuiuII  droi«  of  watnr  in  i:loiida,  h  enor- 
mously ino'itiieed  by  the  union  or  ooalescinf  of  many  thuuH- 
anda  of  sueli  drofx  into  a  single  rain  drop.  (See  Atmosphtrie 
Ekctritdtg.) 

Exehunge,  Telephonic SyMtem  or  —A  com- 
bination of  circuits,  Hwitches  and  other  devices,  by  means  of 
which  any  one  of  a  nuruber  of  subsi;ribers  uonneL-te<l  with  a 
telephonic  circuit,  or  a  neighboring  telephonic  circuit  or  cir- 
cuits, may  be  placed  in  electrical  tunimunication  with  any 
other  subitcriber  uwnnocled  with  sucli  circuit  or  circuits. 

A  telephone  exchange  consists  essentially  of  a  multiple 
switch-board,  or  a  number  of  multiple  switch-boards,  fur- 
nishc<l  with  gjtriiig-jaekii,  annunciator  drvp»,  and  suitable  con- 
uecthiy  cord«.  A  mil  bell,  or  bells,  is  also  provided.  The 
annuni'iator  draps  are  often  omitted.  (Sec  Board,  Multiple 
Switch.) 

Excitability,  Electric -^— of  Nervo  or  IluHcular 
Fibre. — The  effect  produced  by  an  electric  current  in  stimu- 
lating the  neri'c  of  a  living  animal  or  jiroducing  an  involun- 
tary contraction  of  a  muscle. 

Dii  Bois-Reymond  has  shown  that  tbcKi-  effects  depend  ; 

(1)  On  tliu  strength  of  the  current  employed,  and  that  they 
occur  only  when  the  iHirrent  begins  la  flow,  and  when  it 
ceases  flowing,  or,  when  the  electrodes  tli'st  touch  the  nerves, 
and  when  they  ara  separated  from  it.  Subsequent  investiga- 
tion have  shown  tliat  this  is  true  only  for  the  frog's  nerves, 
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and  tB  true  for  the  human  nerves  only  in  the  case  of  moderate 
currenla,  strong  currents  producing  tetanus. 

(8)  Oo  the  rapidity  with  whiclt  the  current  used  reaches  its 
maximum  value,  that  Ib,  on  the  rapidity  of  change  of  current 
•  (fafwify.    (See  Current  Den»ay.) 

EzellaMUt)',    Farwlic Mttacular  ur  nervutu 

exeOabtiitff  following  the  einployiuttnt  of  tlie  rapidly  intonnitt- 
entcurrentproducedby tndiicffuni-oifH.   {8«b IniliKtiun  CuUt.) 

Fonidiu  excitability  is  dltfurent  from  gnlvanir,  ejrcitabilitj/, 
produced  by  meanu  of  a  continuoiu  voltaic  current. 

EzelUUIiHi,  Electro  Minculur (See  Electro 

Miueitlar  Excitation.) 

Ezcllvr  of  Hold.— In  a  separately  excitetl  ilgiianto- 
ekctrie  inachine,  the  dynamo-electric  inuchini-,  vultuic  bat- 
tery, or  other  electric  soui-ce  employed  to  produce  the  Held  of 
the  flehl  mognetn.    (See  Dynamo-Ekctrtr.  Machinen.) 

ExeeHlloii,   Electric Cuiudng  the  death  uf  a 

criminal,  in  coses  of  capital  puniMhrnent,  by  iiieonit  ot  the. 
electric  fun'eiit. 

Electric  execution  has  been  lulopleil  by  tlie  State  of  New 
York,  in  accvrdunce  with  (he  folluwing  law  : 

"Tlio  Court  shull  senlem-e  the  priHoner  to  death  within  a 
certain  week,  naming  no  day  or  hour,  and  not  mare  tlian 
eig-ht  nor  Ichm  tlum  live  weckit  frum.the  day  of  sentence.  The 
execution  mutt  take  pliu^e  in  the  State  |irison  to  which  (Con- 
victed felons  are  sent  by  the  court,  and  the  executioner  must 
be  the  agent  and  wanlen  of  the  prlfion." 

"  No  ncwH(Mi|>er  luuy  print  any  details  of  the  execution, 
which  is  to  be  intllcl*'d  by  eloctriiiity,  A  rurrent  of  electricity 
is  to  be  causetl  to  pa-w  Uil-oue^Ii  Ihi;  bmly  of  the  ii>ndenme<I  of 
BUfflcirnt  int^rnHlly  to  kill  him,  anil  the  application  is  to  be 
continued  until  he  in  di^iul." 

Exhanation,  or    FruHlratloii —  Elcclrlc— (See 

Bun  Stroke,  Electric.) 
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Exhaustion  of  Toltaie  OelL— The  condition  of  a 
v(>ltai(*  cell  in  which,  on  account  of  having*  all  its  active  elec- 
trolyte <1(MH>nii)OHed,  or  its  positive  plate  dissolved,  it  will 
fiiriiisli  no  difference  of  iiotential  and  therefore  no  current. 

All  exhausted  secondary  cell  is  revivified  or  charged,  by  the 
passage  tiirough  it  of  a  charging  current. 

A  priiuary  cell  is  revivified  by  the  addition  of  fresli  electro- 
lyte or  battery  liquid,  or  a  new  positive  plate. 

Expansion,  EltMSirle The  increase  in  vol- 

lune  produced  in  a  body  on  giving  such  body  an  electric 
chanje. 

A  Leyden  jar  increases  in  volume  when  a  charge  is  im- 
parted It)  it.  This  result  is  due,  to  an  expansion  of  the  glass 
(hie  lo  the  ehu'tri*!  charge.  According  to  Quincke,  some  sub- 
stances, such  as  resinous  or  oily  bodi(*s,  manifest  a  cimtrac- 
turn  of  rolmiir  on  tlio  reception  of  an  electric  charge. 

ExpanMloii  JolnlK. — (See  Joints,  K.t'jKinithtt.) 

Exploder,  Electric A  small  magneto- 
electric  machine  used  to  produce  the  currents  of  high  electro- 
mo-tive  force,  emploN'ed  in  the  direct  tiring  of  hlast«. 

Explorer,  Electric An  apparatus  oper- 
ated hy  means  of  induced  currents,  and  employed  for  the  pur- 
pose of  locating  bullets  or  other  foreign  metallic  subsUinces 
in  the  human  body.     (See  JiaUmvCy   Indncfion,  Ilnyfu's.) 

Explorer,  ]VIaKiietic A  small.  Hat  coil  of  in- 

sulate<l  wins  used  in  the  circuit  of  a  telel)hon«^  to  determine 
the  position  and  extent  of  the  magnetic  leakage  of  a  dynamo- 
electric  matrhine  or  other  similar  apparatus.  (See  Magneto- 
jjfu^nv.) 

ExteiiMioii  €ull-Bell.— (See  Hrlt,  Kvtmsion  Cult.) 

Extra  Current?*.— rurn?nls  produced  in  a  circuit,  by 
the  induction  of  the  current  on  itself,  on  the  opening  ov  clotsing 
of  a  circuit,    (See  (Uinrnts,  Kclnt.) 

Eye,  (^lenlum (See  Selenium  Eye.) 


Fnc-Mmllc  TvlCffrnphi .  or  PajildcKrapliy.- 

'•-le£TTi[thii-' inuumiiKsiiHi  of  Tu'-i^iiiiili'  •■ii|iii'a  mf  ilnuviiij 


III  A  »yi»lmii  of  fHO-aimil'*  tolcgraphy,  uOetijgn  placed  ut  one 
-Till  or  a  U!le^ru|>liiu  line  is  nutomiiUi^illy  i-<>|)i'iii]iici?<l  by  i?li^'- 
trk-ily  at  the  other  eud  of  the  line.    (S.!ij  Tehyraiih//,  /'.ir- 

P»l*IMl.^T!ir!  unit  of  electric  ciipacity. 
A^t  ill  K^vwH,  a  i|i)art  v«<hi>I  will  li«lil  ;i  iiimrt  of  gas  iinJei- 
.iiiit  prvasurt!  of  one  utinD^phori!,  BO.  in  I'lot'h'icity,  ii  uouiiiic- 
<  ■!•  or  t^fHttrrmrr,  v/itasu  rupocity  is  one  fiii'tul,  will  hold  a 
inantity  of  eW'tricity  eqiwl  lo  one  miilnml',  whon  iiniipi"  nn 
.<i>-.-lrn.motive  for<v  of  one  vrtlU 

It  may  rjuiae  suniu  |ii'rt)lexity  to  lli.-  simli'iit  (o  iiiicli'i-sliuiil 
■(liy  llii-n*  nhiiiilil  lie  in  eleclncity  p, 

-.ill-  uuil  tif  nijHifilg  U)  reprL'seiit 
tlicHi'ji*  lit  llif  vi-hhgI  oI'  conilui^tj)!', 
.uul    oiioIlH-r    to    represent    llie 
iiiM»"i'  or  iinnntJly  of  ftli-rlrii-'ity  fiprlL 
T-i|<it<-.->l  III  till  such  V        "      "  "  " 

*.r>-   ii-rii-  (Mxnpniiwibli-, 

il<.    i|i.;iiii'ity  rp(|iiiitil  to  fill  any  J^g.  m. 

I  ■  liili  ii--r  will  ilepemi  on  the  I'loclro- motive  fort'e  under  whii'h 

,!  r-  |iii;  mill  till!  cOnUuctur  or  condenser. 

A  i.ir.i'l  i«  Huch  o-capai^ityof  aM>aductor  or  condenser  that 
c.'ii'- 1  iiulijuib  of  electricity  is  roi['.;ire<i  to  proiliice  in  it  u  iliffor- 
!■«.•■  of  (Mlcntiui  of  one  volt 

For  |fiir[>o8eH  of  ineosuroiit^iit,  cuiMK'ilies  tif  ivnduetors  are 
»iit](i&n?il  Willi  ilmiw  of    coiidensei's    wbose   eapm'ilies    are 
nicrnfnmds,  or  frndions  tbci'eof.     Thi*  microfurail. 


1 


i,ni)n,iiiio 


L.f  II  fa.wi.  i 


w^.•'^  h 


Mj  (,-'■«• 


ml  Fijf.  1U7  H.  pluu  of  tJw  torni 
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oft^ii  givpn  to  a  standardized  condenser  or  microfarad.    The 

condeiist^i*  is  <*harged  by  €»nne<^ng  the  t4^miinals  of  the  elec> 

trie  sourco  to  the  binding  |K>Rts  N  and  N.    It  is  discharged  by 

means  of  the  plug  key  P',  that 
oonne<>ts  the  brass  pieces  A  and 
B,  when  pushed  firmly  into  the 
ooniciil  space  between  them. 

The  condenser  is  made  by  plac- 
ing sheets  of  tin  foil  between 
sheets  of  oilctl  silk  or  mica  in  the 
box,  and  conne<*ting  the  alter- 
nate sheets  to  one  of  the  brass 
pieces  B,  and  tlie  other  set  to  the 
jiieoe  A,  as  will  be  better  iiiuler- 
J^ig-  iff7.  stood  from  an  inspecliou  of  Fig-. 

198.     A  condenser  of  a  niicrofaratl  ciipai'ity  will  contain  about 

'{,((00  stpiare  inching  of  tin  foil. 
Condensers  are  generally  made  of  the  capatMty  of  the  J  of  a 

microfanuL      Sometimes,  liowever,  they  are  m:ule  so  that 

either  all  or  part  of  the  condenser  may  be  employed,  by  the 

inseilion  of  the  different  plug  keys. 
Tiie  form  of  condenser,  shown  in  Fig.  199  is  capable  of 

reatly  division  into  live  differ-  j^ 

eut  vuhu»M,  viz.:  .05,   .05,   .2, 

.2,  and  .5  microfanui. 

Farad  I  e  Apparatufi, 

in  a  ff  II  e  t  o A  A  ^  llB 

small  magneto-electric  ma- 
chine employed  in  electro 
therapeutics  for  prodiu;ing 
fiirudic  currents. 

These  machines  consist  es-  ^' 

sentially  of  a  coil  of  wire  wrapped  on  an  armature  core  rotated 
before  the  poles  of  permanent  magnets.  No  commutator  is  em- 
ployed, since  it  is  desired  to  obtain  rapidly  alternating  currents. 


a 

b 

a 

'. 

b 

a 

ru-adlf  BrtlMh.— (Spe /?i-ti>i/i.  h'.ifn.li,:) 

r«radlo  Clirrenl.—Iii  i'le.'1ro  I1i.'i-;i|»'iili.-s  llm  cnrn 

'^Kuf^l  by  liii  iriiltiction  riiil. 

\  raiii'llj- uJteriiikting'f'iiiT^iil.  114  i<iH(iii;>:iiislli^<l  fi-orii  it  ii 

'<-•■>  V'lltiiito  oiirivnt. 

\  i-)ltjtii!  fuprent  Ihut  Is  laplilly  allernfthxl  Uy  ineikns 
i  <iuil»bleki>y  orowiU'll  in  mmieliinea  calleil  ti  iiillnii' 

■I  H-ilirf.     T)n"  <]iiwliaiij:t'  fruin  ii  HoIIj:  niwIiiiiiiMtioiii^liii 

iilrtl  a  fraHklinic  Currrnl. 

i^oradlp   Induction  AppamtiiM.— An  imhieliitH    • 

.[ijinaliiB  torjuinluciiig  tarwlio  currents. 

\  voltjuc  Inittcry  U  connecLcd  wiili  tlie  primary  o(  an  iiiiti 
..■II  cnil.nnd  iliciii-. 

nl    mfudly  lirokrii 


r.-ik.  Tlir  ull<r- 
..tlng  or  fnnulic 
iirrmils  UiH9  j>ro- 
luwl  ill  the  sfcond- 
.ry  rotlfi  ui-e  imeil 
1  i-lwHrolWraiM-i^ 
pur|x>Hi-B,  (3«e 
"         *  Ctnl.) 

B  incluftion 

e  made 

variely  of 

r  all  o|>erate,  howev 

r  ]lfactiln««,— Uiu^liineM  for  proi 

warcol two  varieties.  viK.:  laivjnelo-f'iri 

\«  fHdufHoH  apimrotiiA. 
Mlixniloli.— Ill   electro  tlioi'a|M'uLics.  llie  i.-tiecl»   pro^ 
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duoed  oil  the  ner\'es  or  miijicles  by  the  use  of  a  faradie  cur- 
ivnt.  ill  order  to  distinguish  8iirh  effects  from  galvanization 
or  thoKO  |>i'(Mhi(*e<l  hy  a  voitait^  current. 

Falirenlielt^M  ThenBometer  Soale.—A  thermometer 
soiilo  ill  wliich  tlie  length  of  the  tliermometer  tube  between 
Iho  nioltiii>c  iM>int  of  ice  and  tlie  lioiling  point  of  water  is 
diviiled  into  IHO  equal  parts  called  degn^es. 

On  Falii-enhoit's  S(*alc,  water  freezes  at  82*  F.  and  boils  at 
21 2"*  F.  l)<»jrn*es  of  this  thermo-iuotrio  senile  are  represented 
by  an  F,    (See  Ventignule  Thermometer  Scale.) 

Falne   Pole,  Manrnetic A  term  ])ro))osed  by 

Miiscart  and  Joul)ert»  to  designate  the  extra  niag^notic  |x>les  of 
the  eurtli,  or  pliu-t*s  iicling  as  niug-notic  polos,  in  atldition  to 
the  two  |)oles  near  the  earth's  ^eog-niphical  polos. 

According  to  these  authoriti«»s,  the  oai-th  possesses  *two 
magnetic  jHdos  only,  viz.,  a  negafire  jmie  in  tho  Northern 
Hemisphore,  and  a  jmwiY/jv  j>o/t»  in  the  Southern  Hemisphere. 
The  additional  |)olos,  are  called  hy  thoni  tho  fiilae  magnetic 

JMtlt'S. 

FuuIIm, — Aocidontial  leaks  in  a  circuit  caused  by  ground 
ami  act  H  or  crosi<CH,     (See  Cn)fw  Contacts.) 
FauKs  ai*e  of  three  kinds,  viz. : 

(1)  Disconnections.     (See  Dinconnections,) 

(2)  Earths.    (See  Earths,) 

(U)  Contacts.     (See  Contacts.) 

Various  methods  are  eniployod  for  detecting  and  localizing 
faults,  foi*  the  explanation  of  wliirh  r«'forence  should  be  had 
to  stantlard  ekn-trical  works. 

FaiillM,  I^oeallzatioii  of (See  lA>calizatUm  of 

Faults.) 

Ferro-Maiinetic  ^ubntanceii.— A  term  proposed  in 
phice  of  pai*amagnetic,  for  substances  that  are  magnetic, 
after  the  manner  of  iron.    (See  Paramagnetic) 
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'.■miDngni-tic   is  tlin   ]>rereniblp   tpriii. 


(See  V iih'tiiiged  Fibre.) 

The  I'egioQ  o(  electroatalic 


nbrC-HOBpenKhMI.— TIk'     su  >([»<•  us  ion     of     :i    iiemllo    by 

l-'ibre  siispensioit  may  bo  cIT^-'tcU  by  rueujis  of  a  Hingle 
.  -m  or  threiul,  or  by  two  paiiillel  Uireiuls,  which  is  calleil 
'  ,-filar  Kuiiperukm.  (SoeSunjit^iinoH,  Fibre.  Su»iKtiiiioii,  Bi- 
;•'■"■.) 

Ffkrc,  Vuleaiilxed  - 
Field.  ElvrtroHlail*! 
iDfliiviii--«siirmun(U 
1.:;  adiargvd  boily, 
('II«rli*<iKlnlic    at- 

■  ■<»  Hike  plttcc 

-.iImI  linm  11/  flee 

T\,rseliiK'>Kit  forcf 
indurn  a,  fleld 
•  Ilrd  an  eltrtTO- 
'•lie  lIcUL  Elee- 
'  ■  ir  Irtvi  or  jMfff n- 
iii/  t)  nieiaHiireil 
l.iniT  Ihi-ie   hues 

i.ivilalion  fig.soo. 

iMi-usutvil  witli  a  plumb  lino  along  Ih?  lines  of  grur- 

■■-    <8w)  Putenlinl.) 

•  ili-n9  when  n  Imly  is  moved  along  the  liues  of  eleo- 

iii-i-c  in  a  ilIrtH^tion /roin  on  oppositely  ciiar^ed  body, 

I"  11  BJniilurly  I'linrged   body,  jint  oh  work  is  dona 

—  ....       .ji^ivily,  when  u  bculy  is  moved   along  Ihe  lines   of 

,iiut>L>u  lorcc.  away  from  the  oarth's  i-etitre.  or  N-erlicaiHy 
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FiPld.  Inlrnallyor (See  A'.Wrf.  Mi<!,nflic.    Fi'-Jd,.\ 

KlTlnistittii-.     Field.  FAretrii  Mttgnetie.) 
Field.  n»Kiictl<' ^Tlio  rp[jii>ii  of  mii^nctii;  inliu-l 

i-n.i!  siirroiiiiilinj'  (.lie  iioImh  of  a,  nuignet, 

Slrk-lly  s|>eiikiii^  u  iiiugni^Uc  Ik-Id  ia  aiiln(.i.>  where  il  nia^J 
iiclii!  ru-eilio,   if   free   to   niovp,    will  take   iiji  a  dotliiite  [KM " 

MagQ<?tic  attriictiotu   nnd  repulsions  ai<e  assumed  to  t 
plate  along  certuiii  lines  called  Hnenof  magtiftic/oife.    Tl)(£ 
direction  in  itny  plai 
ot  IL  iiingnotif-  linld,  raiy^ 
a  sliuwti  by  a|irinkUH 

of  pajter  held  in  a, 
eontul  positiiir 
luugaet  pole  incline*)  ll 
Uiopapi>r  mUiPdenirpd 
plune  und  then  ^Dtty 
tapping  Uie  paper. 

These  are  snuietline» 

colletl  miignetit  JigHrrit. 

Tlii>  linns  at  iartv  Utus 

gliown  will  apiiMW  from 

ail  i»spo>;lion  of  Fig.aUO, 

tjiken  in  ii  |>lane  join 

■""■  "''■  iiig  the  two  [wlfi*  Mf  n 

Klraipht  bar  niugnet,  and  Fig.  3M1,  taiien  in  a  pliui'-  at  richl 

angles  lo  tlie  north  |>olo  of  u  struiglit  bur  magnet. 

In  Fig.  200,  Uie  repulsion  of  the  lines  of  forie  at  either  |ii>li> 
i><  shown  hy  the  rudialiun  ut  th«  cliaias  of  niugiietlxml  iron 
parlii-les.  The  mutual  attriwlion  of  unlike  polariliRHiMKhow 
liy  the  rurved  lines. 

In  fig.  801,  tharepnlHiod  of  (hu  similarly  mit^'^iiKNld 
in  (ilearly  shown. 
Liiii-K  of  niiigimlif  forois  arn  assumed   tfl  jMiss  'lut  /n> 


Vtaum,  maia  asd  vmAma. 


•ort*iW*  noil  into  tl].^  BitiiUi  iMilo.  Tlii,i  is  .■ivlloj  tlio  f/i'w. 
IwH  ujihe  Hurt  of/fro: 

tti^  ibr/uUf  itf  a  iiumimlir  Jltlil  in  iliii'utly  pro|Hii't ion.it  to 
the  uiiiuIk«'  of  liiw«  of  turtle  \itff  unit  of  array  nt  ci'iiai  Hoctiiiii. 

A  tiitgU  line  o/furee, at  ii  anit  liae  of  fnrer,  In  mull  iiii  in- 
I'lnilyof  lli'lU  a.1  exiata  in  each  wimiru  i-nntinu'Ire  of  erana 
'•  tioii  nC  II  unit  iiia^etic  (Inlil, 

\  iiiayuL'tii;  llekl  is  uniform,  or  possesses  uniform  intenaitti, 
■  ^ii'ii  it  |K»w!!««'s  Ui(!  i^imi-  mimln^f'iriim--f  of  roi'L'e|M.'rsi|uiire 


>1«ld,   Hil|tti«tio 

...gl.     «l.  1.    an 


-of  nil  Flootric-  tiirrent.— 


■nt,  ol  nglil  un^l<« 

!■  till*  iliivi^ion  in  which  the  current  is  pjiHsinjj.     Here  the 

iiM  ot  lopce  a|i|ioar  ua  cunf«ntrit!  circli's,  nnmnil  tlin  t-on- 

'  II  (iir.  OK  itJiuwn  in  Fig'.  203.     Their  dinvluin,  ;u4  ri^gnrils  tlio 

,   :  >  i.r  ! li.M'oniliictor,  is  wliown  in  Fi|^.  any,     Tlie  elivtrio 

t-  iipllicxw  mngiietle  ((7ur/Kai-iniiul   Ihi.'  I'omliioliw 

-iffc  Ihi'ough  it. 

J  ii.    hiicliimuf  titetinvn  of  magnetic  foriv.  peathiQfA  by  An 

ci:urr««>l.  "ml  hi'ot^  \U  mngnrtir iH,l,irHfi.  ilprW'tl on 
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I  in  wliicli  thft  flledric  ciirn>nt  Anwa.  This  direc- 
r'!ini^nibpi««l  ih  rollowx  :  It  Ihe  current  Hows  to- 
wartlH  the  observer,  the  direction  ot  the  lines 
of  iiiogneLii!  forco  ih  opposite  to  tliat  of  the  handR 
of  a  walt:li,  an  tiliown  in  Fi^.  804. 

It  is  from  the  (lire<iJoii  of  the  lines  of  fonM 

that  thi!  jKilarity  of  a  liolix  currying  ft  current 

is  deduceil.     (Hcm>  Mngnelie  SiJtMoiil.     Electro- 

Magnet.) 

A  mo^notii'  field  poxncssos  the  folio winf;  prop- 

gij    pilicH,  viB. ; 

(1)  All  magnetizuhlc  bodies  are  raa^iclised 
when  brought  into  ti  iiiAi^nctic  Held.  (H«<e  In- 
ilaclhn,  iffiytii'lle.) 

{i)  C'oniliiHors   movi^l    tli]-oii};li   ii    iii;u;ne(i(- 

Ill-Id  KO  lis  id  cut  iin  limit  of  font-,  liavi-  differ- 

cncettof  potcntiiilf^inoratcdijiDicm  at  dilTerent 

]>oiidH,  nnd  if  tlipse  ixiinis  ho  conniN>tiHl  by  a 

{  (inductor,  un  idcclrii?  ctii'i'cnt  in  piiMliU'ed.    (See 

Fig.  au.       Induetion,  Electn>-Mngnetic) 

figure  of  merit  oT  Onlvniioaieler.— The  i-eeiprot'sl 

of  tin;  current  retiidrod  to 

|irodii»i'  II  ili'tlection  of  the 

[,'alv..iioiu.>tei-   needle 

thi-ou^di  oiii;  ilej,'rp<>  of  (lie 

TliG  Rliiullel'  Ihe  current 
l'ei|iiji-i'(t  111  |>i'o<hicc  a  d 
Ihi-liuii  or  one  degi-eo,  tl 
giTiiler  the  llgurc  ot  niei'i 
or  the  jjrenter  tlie  nam 
tivenerts  ot   tlio  kilIvuiii 


^p'^'s;™^ 


FIg.fOi. 

Fignren,    Electric IjlchienbeiY<s  Diut 

Figure*.— Figuroa  pruduced  Uy  writing  iin  a.  sheet  of  shellac 


Wllh  a,  konbot  u  I.^i'ilfii  jiir,  ami  tlun  sprinkling  over  il  » 
muriur>?  of  jMjwderi'il  Biilpliiir  tind  ri'il  Inud,  wlikli  Iilivb  been 
IMfvuiunly  iiiixr<il  tngi-UiT,  and  arc  ho  rcnileivil,  ivspwtiveiy, 
nrvnlivi!  unil  poBitivc. 
Tiv-  rc'i  U-*ii  coHpi'Cs  ou  tin-  nugalivu  i«irLt  of  llm  Hliellac 
iirtoitr,  iiii'l  ilie  ((iil|iiiiir  i>ii  llic  {wKiitivo  ptirlH,  iu  ciiriuiis 
^.ire»,  ■""»*" '!•'  i-'VWfBfccri/'x  Diut  FitJurcH,  ouc  at  wliidi  is 
v.«-i.  in  i-'i«.  SW. 
Tlirna  H;;iirv«nliow  very '-luiii'ly  tliiil  iiu  ektti'iui'iiiirgL' tfrnis 
Iiilarlvuvi.i[-(liL'sii[-f[ici!or<ni  inmilalmgsubsUitKiij 


t1«unr*,  Eloi-lrU' 

V-iint    fisiiri«   uf 

fv(»i(,  i 


-  4»r  Bruufh  FiKUren.- 


nu5  ami  forms  n  Iftirly  diHliui;!.  iniuf^  of  tlii;  c< 


ml  til  llur  j^Toupin},';*  of  ir 


■  I  Mllt<;,'H<i11:l:! 
■i.aeD«lt.T  il'OiL  (Srg  FM'I.  M'"j,„:fir.) 
FHHNimL.— A  *i>'nikr  tliivii.l  or  libjr;. 
Thn  tonn  !■  uppliwl  ^uui-ully  lu  llircads 


lEuno  soinL<tinieE  ap- 
ilipclor  pu|H?rlK'W  in 
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ffllanciil  oriBrsBdmceBt  EIrrtrir  Lamp.— A  term 
now  irvmTally  applioii  to  the  incandescing  conductor  of  an 
iui;aniios<.vnt  i*U.H-trio  lamp,  whether  the  same  be  of  very  small 
^■p>*^  s»'rtioii.  *»r  of  o.>mparatively  lar^  cross  section. 

TItt*  tonii  tilaiiK*ut  is  pn.iporly  applied  to  a  conductor  con- 
tain iiii:  fibres  or  tilaments  extending^  in  the  general  direction 
of  tlh*  Ii*u^h  of  the  im-andi'^'in^  conductor.  Such  a  con- 
thii.  tor  IS  luaile  of  i-arlKUiizahle  librtms  material,  cut  or  shaped 
prior  to  i-arboniziktion.  s«>;is  t«»  havi»  thv  libres  extending'  with 
th»*ir  ^n^alt.'st  lenirthin  thediret.'tion  of  bMiirth  of  the  filament. 

Fil«nciil«  Mnirnrtie • A  chain  or  thread  of 

nui^m»tizetl  jKirticIos. 

This  is  s«>iii«»tiriies  <.-;iIbNl  a  uniform  mtttjiirt ir  jihimmt. 

A  liar-iiiajrn»'t  |»os>».»sst?s  but  two  fr»M»  |k»1»'s,  which  wlirn 
broken  at  \\s  n*tttr*if  jutinf  or  equator  \\\\\  di'volop  free  i>ol«*s  at 
th»'brok»Mi  •Miil>.  This  i>  oxplaineti  by  cc»!isiilorini;;the  iii;i.i;iii>t 
to  hv  roin|Hised  »>f  a  niniibcr  of  se|>arate  particles,  se|)arately 
luaiTiietizo*!.  A  siiij^le  chain  or  filament  <»f  such  juiHiclcs  is 
call»'«l  a  mntjnrfir  jihfint'nt.  iScf  \vntrai  Point  of  a  Motjnet. 
Mofjnrtism,  Ihnjhcs    Theori/  nf.) 

Fire  Alarm,  Klet'lrlr A  system  for  tole^raph- 

ii-ally  sciuhn^  an  alarm  t»f  lln*  fi\>m  stations  in  difTeront 
pi>rtions  i>f  a  district  to  the  engine  house's.  (S^'o  Aftirm,  Klcc- 
trii\  Fin\) 

Such  alarms  an^  tmtomtitic  when  tli«'  alarm  is  souudetl  by 
the  completion  vt  the  circuits  by  means  of  a  thcrmostfit.  (See 
Thcrmtn;tat,) 

Fire  ExIliigiilMlior,  Ele<*lrU* A  thermo- 
stat, or  ameiH'ury  «'ontact,  which  automati(*aIly  completes  the 
clri-uit  and  turns  on  a  water  supply  for  extinguishing  a  lire, 
on  a  certain  predetermine*!  increiuso.  of  tcm|KM*aturo. 

nrilOS,  Klectlic (See  An i null  Electricity,  Eci, 
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ittlmtf  of  C'nrbono,  l*roceM  for  tlio 

oti-ss  for  improving  the  I'leL-ti-kul  unitoniiity  of  (lie 
a  raiiuliwlnra  Employed  in  incandescent  lightiug,  b.v  tlic 
MiUuii  o[  Ukrlxin  in  th^ir  jKires,  iind  ovor  their  siirfiui^H  iit 
>  l^ttUBS  wlit>re   the  electric  resifilance  ie  conniNii-alivvly 

i«  wtiwa('ijndticluriH|)lacedin  a.  vessel  usually  lllled  with 
porol*  hydro-t'arbonUiiuid  called  rliigolene,  or  any  utiier 
t  deoomposable  hy<li'u-ciirb«ii  liquid,  uiid  gradiully 
d  to  t-leotrical  in<»n(lcsc«Qon  by  tlie  posHage  through  itof 
KD  t-loclric  current,  A  decompoaition  of  the  bydnn'Jirbon 
i-afor  ixr-ura,  tl>e  rarhon  resulting  therefrom  being  ileposited 
ni  and  un  the  conductor.  It  (he  current  is  grudually  iiicreujject, 
IIkiiw  partsol  the  conductor  which  are  flret  rendered  incaudes- 
i-1-iit,  tlint  IK  in  those  parts  where  the  resistance  is  tlie  highest, 
and  prML'tically  Uiuse  parts  oaly,  receive  the  depositsol  carbon. 
'  B  currenl  gradually  increaaes,  other  portions  become 
Mvely  Incandescent  and  receive  a  deposit  of  larbon, 
it  Ute  nianient  glows  with  a  uniform  brilliancy,  in- 
«  erf  its  electric  homogeneity. 

whoHe  I'esistaniw  varies  considei-ably  at  dilTerent 

bnould  not  lie  BUOcessfuUy  employetl  in  an  im-'audescent 

m  rif»r.K  if  hiNal«*1  by  a  current  sufBciently  great  to  render 

luparativety  sioall  resistanea  eab'stactorily  in- 

utU  Iho  toniperstiire  oT  thu  points  of  liigh  rcsislunue 

m  Kucli  as  to  lower  the  lite  of  the  lamp,  while  if  unly 

1  were  safely  heated,  thu  lump  would  not  be 

Til"?  Hashing  pi-ooesa  in  Iht-i't^fore  of  very  great 

luuufacture  of  an  incun<lesceullump. 

I  of  l>iniima  Elcvtric  n»cbln«.— A  naini; 

i>  long.  Hashing  Bpui'bs  at  the  cumiimlutur,  usuatly  duo 

E  slKtrt  nrcuiling  of  the  eKternul  circuit  at  l.liu  luiiiniu- 

t  <Btktttirf,  l»v  IH  RIvv's A  Uuating 

rll,  the  Icrmiuula  uf  which  aic  conuci-led  with  »«>U 
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<»r  iiisiilattnl  win*.  i^niploytHl  to  show  the  attractions  and  re- 
l>uNio!is  hotwiMMi  ina$;rn(*ts  and  movable  electric  circuits. 

Till'  tvll,  shown  in  Fig".  2%,  consists  of  a  voltaic  couple  of 
/.int'  anil  o.>|»|Mrr,  the  terminals  of  which  are  connec(e<l  to  the 
ciniilarcoil  of  insulatiMl  wire,  asshown,  and  the  whole  floated 
hy  means  of  a  I'ork,  in  a  vessel  I'ontainin;^  dilute  sulphuric 
acid. 

Whon  the  current  flows  through  the  coil  in  the  direction 
slu»\>n  by  tilt*  arn>ws,  the  approach  of  the  N-seeking pole  of  a 
mairnet  will  causi*  the  cell  to  be  attnu'ted  or  to  move  ti>- 
wanls  tin*  magnet  |H»le,  since  the  wmihfnve  or  end  of  the  coil 
is  nean*r  the  north  |h>1o  of  the  magnet.    If  the  other  «*nd  were 

nearer,  1*0 pulsion  would  cnvur, 
the  cell  turning  around  until 
the  south  face  is  nearer  the 
nuignet,   when  attraction  oc- 

ClU'S. 

Flow.— In  hydraidirs.  the 
4pianti(y  of  wat«M*  or  other 
fluid  whirh  escapes  from  an 
orilice  in  a  containing  vessel 
in  a  given  time. 


ri«Mv 


llirc<*li«Mi  of  Curn*iil 


— The  ilirec- 


tioii  tlu'currt'iit  is  assumetl  to  take.  J.  «*..  fi*om  the  |)ositivc 
poll*  of  the  mmiih'c  through  the  ciivuil  to  the  negative  pole  of 
!  hr  source. 

The  eUH'trii'ilv  is  assume<l  to  ctuue  out  of  the  source  at  its 
positive  poKs  and  Xo  return  or  flow  back  into  the  source  at  its 
negative  |H>le.     ^See  CtiriTut,  />iir<7/(»w  of.) 

Flow  of  LliiCH  or  ElerlroMlatle  Force.— -A  mathc- 
iimti<.uil  i'omvption  in  which  the  phenomena  of  electricity  arc 
com|iartHl  with  the  sinnlar  phenomena  of  heat. 

In  hottt  uu  flow  of  heat  occurs  over  isottiernuU  surfaces,  or 
fmom  «t  tho  saiuc  teuiperaturc.    Over  different  isothermal 
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■nrtacrs  tite  flow  will  vary  will)  tliE  |iower  of  lii^at  contluo- 
'  <'n.  In  elc<'lricily  no  flow  oceiint  over  rqnijxilentiiU  mir- 
''tfft.     Siierifir  Iniliietirv  Cnpaeiiy  corrrsponiis  to  heat  coii- 

iK-11vi(y,  anil  tli<:  Iinc3  of  fon-e  to  the  lines  of  lii'ttt  (-oufUK'tiuu. 

S?r  OapiKitji,  8}iceific  Jtutuctite.) 

FliMtrc*C^II(*r> — A  pm{)crty,  iMim.wNi.'it  hy  L'prtiiin  Huliil  or 
I'liiiH  siilsitann'H  of  b(-<x)miiig  ncir  luminous  while  expoMiHl  to 

IrL'lil. 

C^inary  k'*"*"-  "rijIasH  t-olorwl  yolluw  hy  uxiiluof  umniiiui, 

.<r>-l  11  Hclution  orsulphntL'tirquinini?,  )iDwiciis  fluori'SLfut  prop- 

riirs.    Tlif  palh  uf  A  pendl  of  light  brouj^'ht  to  u  Fuois  iu 

iihcr  of  UtreK-  subsljinwa  is  rendpntl  vJMible,  liy  tlui  purtiulea 

>  lu^  in  lliiH  i>at)i  bi'coming  B<<lf  lumEnuus. 

Tlic^  [hU)i  otH  l)eutii  ot  ligbt,  entering-  tlio  ilusly  iiir  ut  u, 

:Urii'-n'}i\  chamhcr,  ia  vmhlp.  from  the  lig-ht  l>oint,''<iitfiiw.'il  or 

.  itiori-d  in  ull  dtriH^tionii  kiy  the  flailing-  dust  purticlt's,    8u 

ill  11  fliiorewcat  stibutaincH  the  pnlh  ot  the  light  is  uIko  run- 

■I  r<'U  vinibli)  by  tlie  pttrUclea  which  liu  in  its  path,  throwing 

iTi  llj^it  in  ull  ilirvctioRS,     Therein,  however,  thiu  [liIT<!rcni:<', 

II  'ti"  c'lvu.-  uf  tli«  diiRt  particlea  the  light  which  cotiu's 

<i.)i>i  tliv  benin  is  rcllectcil,  whilu  in  lln:  cunii  iiF  lli': 

i(   body  the  liglit  is  from  tin?  partidcs  tiifniHi-lves. 

.!><'  Hi't  into  vibralionx  by  the  light  tliul  is  putting 

!iryii({li.  uuil  luw  been  abHorbed  by  tlieii-  iii^-<s. 

FloumHi-noc  is,  therefore,  a  vark'fy  of  |.liosphor«i(,vnce. 

tlnidi  Boxea.— A  box  or  h[ii«;i',  Itnnli  with  the  surfut-c  ot 
.  M.nl  tHil,  provided  in  a  RyBtem  of  underground  wires  or 
i;,kiii?.  Iv  fai'ilitB.lo  the  introduction  of  the  conductors  into 
-  'un'liiiL,  or  fur  Ihe  examiuution  ot  the  (.'ondiictors. 

Ill er,  Klvflrlf Elecirir  Fly,  or  Ult-rlrlt-  Rts 

■i<-lbrn  Wheel.— A  wh.vl  aiTiingnl  so  us  L,  [,•■  sd  into  roU- 
in  Ity  tiM'CSoapv  of  conv><  ti.instretiiiiofryin  its  jKiiutii  when 


383 


A  DICTIONABY  OF  ELECTRICAL 


A  whoi>l  formed  of  light  radial  arms  P,  P,  shaped  as  shown 
in  Fig.  307,  and  capable  of  rotation  on  tlie  vertical  axis  A,  is 
sot  into  rai)id  rotation  when  connected  with  the  prime  conduc- 
tor of  a  macliine,  through  the  convection  ttreams  of  air  parti- 
cles which  are  shot  off  from  the  points  or  extremities  of  the 
radial  arm.  Tlie  wheel  is  driven  by  the  reaction  of  these 
streams  in  a  direction  opposite  to  that  of  their  escape.  (See 
Dinchiirge,  ConvecUve,) 
Foeuf. — Tlie  i>oint  in  front  or  back  of  a  lens,  or  mirror, 

where  the  rays  of  light  meet.     (See 

Achromatic  Lens.) 

Fog,  Electric Dtmse  fogs 

which  oc<;ur  on  rare  occasions  when 
there  is  an  unusual  quantity  of  free 
electricity  in  the  atmosphere. 

During  these  «'lectric  fogs  the  fi*ee 
electricity  of  tlie  atmosphere  changes 
its  polarity  at  frequent  intervals. 

Folloi¥liig  llornii  of  Dynamo- 
Electric  machine.  —  (See  Honitt, 
Following,     of    Dyfianto-Electric 
Machine.) 
Fool  Candle— (Si»e  Candle,  Fwt) 
Foot-Ponnd.— A  unit  of  work.    (8ee  Work.) 
The  amount  of  work  re«piire(l  to  i-aise  one  pound  vertically 
through  a  distance  of  one  foot. 

The  same  ainonnt  of  work  is  done  by  raising  one  pound 
through  a  vertical  distance  of  three  f*.'et,  or  three  pounds 
through  a  vertical  distance  of  one  foot,  viz.,  three  foot- 
poimds. 

Apart  from  air  friction,  the  amount  of  Wink  done  in  liaising 
one  pound  through  one  foot,  viz.,  one  footpound,  is  the  same 
whether  this  work  be  don<^  in  one  secoiul,  or  in  one  day.  The 
jxnrcr,  however,  or  the  rate  of  living  work  is  very  different  in 
the  two  cases.    (See  Power,) 


Fig.  207. 


■r  anotlM-T  >niit  nf  work,  see  the  Ery. 

«. — Any  cjvusi!  wliidi  duuiges  the  conditiou  of  rest  oi 
a  of  a  budy. 

J,  C'«nlrini|CUl (ScL-  CiHlri/ugnl  funv.) 

1«rc«,  t^oerclvc  or  Covrcltlvc or  DlHsncilf 

HmUrlty. — Tli«  powtT  ot  resiHting  iinijjia'tiaition  or  tic- 
(Srp  CWmrc  Furix.) 

^orcr,  (.'ompOBlllon  or (Hl-n  ('i'nijH)»(«f«.) 

terre,  EIretrotiUrtk' Thu  form  [iruilnrint-  llif 

>r  repulsiuiis  uf  uhui'gj^l  bmli'.'H, 
W«r«>e,  LlnrN  of  Elect roitlalk- [3i.<?  Fk-I.l. 

,  Line*  of  MiuEiK^lii' (Set?  i-'ir/./,  jl/.i;;- 

■.  NHSnt'lit' Tlie  ror,.-(!  which  .auHM  I.Ik.^  n\. 

iir  rt'iuilsioiis  (if  iniignet  poles.  {S>;i!  Maffnetic  Kiirfi:  | 

f  orrr,  Resuliilion  »»f —(See  JCemtllanln.) 

^■Vnrvf,  Tnbcii  of— — ^  or  Tubes  of  Indncllon.^ 
T  ihcB  tKXiniied  by  lines  ut  eleclroHtalii.'  or  itia^iietiu  Torco. 

Ijnis  urfuruc  never  intcrsetjl  oDe  unother.  Uenceiitiihcuf 
l-fi-i?  nuiy  bo  rej-rir<kHlii8t:ontuiiiinj;  tlieKaiiioumiiberotlinca 
KIbniB  «l  *ny  OiU'l  every  ci'ohs  Neutiun. 

»  uf  KhMTtt'iiMtiilJu  ti>i*cc  ulways  teriuinnte  iL^^iiiKl  iiiuiil 
laUtinB  of  ptwitive  ftnil  ncfj^tive  elei/tricily  i-CHpei:livdy. 
grlwrniinuto  wlufn  Utey  luuel  a  (.'oaduuliaif  Biirruiic. 
vU-mt  tubi?i4  lit  force  is  sonicwlmt  misleuding,  hiiicu  kucIi 
d  tnbus  uii)  in  general  roneii  rather  thtm  tubes, 

>,  (TtlH  of «ir  Dynv. — A  lotvt;  which  lurtJiij,' 

II  wwuHil,  i»i  ft  niasH  ot  one  giiimiiu-,  will  ^-Ivu  it  ii  vf- 
j  of  «»n«i  '■entiinutru  per  Hccuad.     (Sec  Hum:) 

I   PHrttlleloBrHm  of A  |iiiriUtolu(,'i'»"' 

alabiiiil  (lin  Iwolini's  Ihut  o-prconnt  the  itirMtloii 
mtty  wi^l  wliivh  Iwu  (oriX'S  ail- turn  111  luuoouslj'Mtillg 
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on  a  body,  in  order  to  determtne  th«  diroction  and  intansity 
of  the  rcBiiltant  force  with  which  it  moves. 

If  thu  two  forces  A  U  and  AB,  Fig.  206,  BiniuKancoudf 
ai't  in  tiio  tlirct.'tion  of  the  arrows  on  a  bodyat  A,  thudirection 
aud  intensity  uf  the  rvntttar.l,  A  D,  is  determinud  by  draw- 
ing D  G  nnd  B  D,  jKtrallcl  res]>cctivcly  to  A  B,  and  A  C. 
The  dintjional  A  D,  of  tlie  [lar^lelograni  A  C  D  B,  thus  pn- 
diiced,  gives  this  nwultant.    (Sec  Compimentit.) 

Forming  Plate*  of  SfscondBry  or  Morage  VHIii.— 
Oblaininf;  a  thick  cMtting  of  lead  monoxide  on  the  pUtes  of 
a  storage  ci'll,  by  re|)eat<Hlly  sending  tlie  cliar^ng  current 
throngli  llie  cfll  alternately  in  ojipositc  dirwtrons.  (See 
Storage  of  Kleiiricitj/.) 

1q  ~     Formulir,— Hatiii^uiatiituli'xiiivMionn 

^r "1^^\       '""'  •*"""'  K*'"'''""!  '^''•^  "I"  I'rincipli'. 

jf^     j  Fornndiu    Ktr;   of    ^iintt   luvttHtiince    in 

Y,,,^ j        wionn;  in  I'spntwinp  thi'  relations  whiuli 

A  '        exist  bi'tween  i-erlain   ford's   or    values, 

F\g.  »s.  „n,,  (lie  etfirilsthut  result  fi-onittiHro|>er. 

atioii,  siiiirt:  they  enable  ns  to  cxjireKS  these  I'elutions  in  clear 

i>f  Ohm's  law, 
E 

~  r' 

we  see  that  tliu  cnrrenl  C.  in  any  eironit  is  etfiial  to  tlie  elec- 
tro-motive force  E,  divided  by  thu  ivsistame  It.  Again,  we 
SCO  llmt  (lie  diri'ont  is  directly  pro  poll  iotiul  to  the  electro- 
motive foree,  aiiil  invei-soly  pi»|M>rtional  to  the  i-csislanee. 

FormuliD  are  usually  written  in  the  foviii  of  an  cguufton, 
and  therefore  contain  tlie  sign  of  eijHaUfv  or  =. 

FamHlK,    molomeUio   —(See    Phutotuetrfc 

¥ormul(K,) 

FwucNiill   I'lirrt-iil*,   Uddy   4.'iirrviil*,  PHrasltloai 
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Fmnfcllnio  Electricity. — A  term,  somHimps  employed 
In  i'|i-i!n)  tli>'i-.i]M>iitii's,  Tor  tJiP  elecli'Mly  |H'(niiii*il  by  a  fric- 
RUolui]  or  itti  MiH'ti'ostatii'  inilunlinti  niiu'liiiii'. 


Frinional  ElcclrlcHy.— Eloi-tridty  produceil  liy  fric- 
P  tinii. 

This  term  as  toi'iiiei'Iy  einployeil  to  inUioutc  static  clini'^s 
L^  tlUliuguialiL'il  from  currents,  is  grailiialiy  rullin);  Jiilo  <lis- 
K|Mi  aiiil  the  f rii'tioniU  electrii^ 
hines,  orelwiaggKaei-ally 
fd  hy  continuous  imliic- 
i  machines,  like  t\ivse  nf 
VSoltB,  TOpkr-HuUK,  oiWinis- 
T'bunt. 


Pros,  CialvonoKcopIc 

Thi>l>iii(lle^-sotai-i;-  I 

I  eeaUy  killMl  fro^,   einiiloycil  \j 


«.) 

I  blTM,  LuigiOalvani,  Tnait<> 
'"leobeervatioti  tlijil  when  fln>  ^'-  '"''■ 

H  of  a  nicenlly  killed  fr«^  wlto  Imiched  i>y  ii  niotullk'  con- 
1*  oonnecting  the  nerves  with  the  niusclea,  llie  legs  wrrf 
MVUlsed  UH  llioii|-li  uliv^.  He  repealed  this  cxperiiiirnt. 
t  iouiid  tlie  niuvenienta  were  more  pronouaced  when  twu 
"  r  tnetalo,  niiclt  an  ii-oii  unil  i>op)ier.  wero  ein|iluycil  in 
■  lown  in  Fife',  aoo. 
Afcdueic  cxpt^rimi'Dt  i:renle<l  intense  eKi.-it«ment  in  tlic 
ige  world,  unil  Uulvani  ut  llrst  behcvi^  that  lio  lutd  dm- 
d  lh>-  tni«   vital  llniil   of    tli<-  animni,   but  atterm 
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r(H;o^niz(Hl  it  &<(  elec*tricity,  Which  he  believed  to  be  obtained 
from  the  IxMly  of  the  animal.  Volto,  claimed  that  the  move^ 
nieiilH  were  due  to  electricity  caused  by  the  contact  of  diswi- 
milar  metals,  andthim  proiluced  his  famoiiH  vcHtaiepUe,  (See 
PiJe^  VMaic) 

Fiilffuiite. — A  tube  of  vitrified  Rand,  l)elieved  to  be  formed 
by  a  bolt  of  lightning. 

The  fulgurite  couHiRts  of  an  irr^ular  shaped  tube  of  glass 
formed  of  Rand  which  lias  been  melted  by  the  electric  dis- 
charge. 

Fulminate. — The  name  of  a  class  of  highly  explosive 
compounds. 

Fidminating  gold,  silver,  and  mercury,  are  highly  explos- 
ive substances.     Fulminates  are  employed  on  j>ercu.ssion  caps. 

FunetlonN,  Trigonometric (S«»o  Tngonomet- 

riV  Functions,) 

Fundamental  Unitii.— (Sec  UnitH,  Fundatnental) 

Fumaee,  Electric^ A  furnace  in  which  heat, 

generatoil  electrically,  is  employed  for  the  pur|M>se  of  eflfecit- 
ing  difficult  fusions,  for  the  exti'action  of  metals  from  their 
oi-es,  or  for  other  metallurgical  operations. 

In  electi'ic  furnaces  the  heat  is  derived  either  fwm  electric 
incandt^cencc,  or  from  the  voltaic  im\  The  latt4?r  form  is 
fi*etiuently  adopted. 

The  suhst^mce  to  be  treated  is  ex{)osed  *lire<;tly  to  the  vol- 
taic arc.  In  some  forms  of  furnace  the  crushed  ore  is  iM»r- 
mitted  to  fall  through  the  arc,  and  the  meltetl  matter  received 
in  a  suitable  vessel,  in  which  the  sepai'ation  of  the  substances 
so  formed,  is  afterwards  completed.  In  other  forms  of  furnace, 
the  ore  is  placed  between  two  electrodes  of  carbon  or  other 
refractory  substances,  between  which  a  ])owerrul  current  is 
passed.  In  the  Cowles  furnace,  when  aluminium  is  reduced, 
molten  copper  forms  an  alloy  with  the  aluminium  as  soon  as 
it  is  Eeparated. 
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Very  mimeroiwapplicjilin 

slum  III  be  (Hin-sulti-il. 
Pnwe,  Electric-  - 
,  charge  of  pc 


-A  ilpvif^  ti.r  r>lR<.-(rii'iill,v 


ijilnyeil  liotli  ill  liliutting  ofierutioim 

1  of  the  direct 


Elvctrio  tii»m<  n 
tnr  firiag  cAnnon. 

Eleclrit!  (uMfis  are  opemteil   either  hy  mei 
ftpiM-k,   iiv   liy  the  iiiukniJeBceace  of  a.  thin  wire, 
tilwf-'il  ill  thi'  I'irciiit.     They  are  therefoce  eitlier 
h'dk  tfimiim,  or  Ioib  teninon  faiteii. 

Till'  ailvjintflgwi  of  an  electric  (use  consist  in  the 
Iw-l  thai  its  iisL'  |ierinits  the  simuttaneoUH  IH-iag  j,*- 
.  ofa  tutmb«r  of  charges  in  &  mining  operation,  thus 
, '  obtiuiling  a  ^eat'M'  efTect  from  ttici  explosion.  A 
,  (utminiLte  of  mertniry  in  frequently  employed  in 
,   connMlJoa  Willi  some  forms  of  electric  funos. 

A  form  of  fuse  in  which   the  ignilion  is  clfected 

bjr  Um  vleftric  spark  isKhown  in  Fig.  310,  and  is 

I'  kiMwa  08  Strntbnm't  fu»f.    The   spiirk  pnciiwH 

L  lliTDUgh  a  break  A  B,  in  the  InsulaltHl  k>nils  D. 

I  gunpowder   is  not  readily   ignited    b,v  an 

iic  spai'k,  a  [leculiar  priming  material  in  <^iii- 

jyed  at  A  B,  in  llie  (ilace  of  ordinary  powdei-. 

I   PHM,BanMi* SarBly8lrlp,arSafB(i 

||[. — A  slri]>.  plate,  or  bar  of  lead  or  some 
idUf  fusible  alloy,  that  automatically  breaks  "*•  ""■ 
noirouit  in  which  it  Lt  placed  on  the  passage  of  a  I'lirrent 
f  'HlHloieDt  jKiwer  to  fuse  such  strip,  {ilat<^,  or  liar,  when 
'l  cnrrent  would  i^ndanger  the  safety  of  other  p:irt»  of 
kofrcuil. 
■  SBfety  toses  are  made  of  alloys  of  lead,  and  are  plwu'd  in 
t,  h&ed  with  non-combustible  material,  in  order  to  pn»- 
4  from  thu  molten  metal.  Fig.  211,  shows  a  fusible 
p  P.  M>nnenl^-d   with  leoda  L.  L.     Safety  fuses  aru  pltwed 
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on  all  brunch  circuits,  and  are  nude  ot  niww  |woportton(tt«  to 
tlio  nunilipr  of  lamps  tliey  guard. 

flincK  incandescent  lam^  are  generally  conoected  wiU)  the 
circuit  in  taultiple-arc,  or  in  mttUiple-mrieK,  one  or  more  of 
the  circuitH  con  be  opened  by  the  fusion  of  the  plug  with- 
out tuterrering  with  the  continuity  of  the  rent  of  the  circuit. 
Id  nerifK  tircuitt,  however,  such  oa  arc  light  circuits,  when  a 
lamj)  is  cut  out,  a  nhort  circuit  or  path  around  it  muat  be  pro- 
vided to  avoid  the  extingubhiiig  of  the  rest  of  the  lights. 


Galvanic  Bailer)— Two  or  ruoro  voltaic  cells  so  ar- 
rant^-^l  ox  to  form  a,  HinKli'  xoiin't'.     (I^ee  iinfter)/,  Volfafe.) 

dalvanlc  Cell.-<Soe  Cfll,  VnttnU-.) 
Galvanle  Circle— (See  Cirele,  Galvanic.) 

Oalvanlv  drenll.— A  ti>riii  Ranii>([nii>-i  I'inployed  inntead 
of  the  term  voltaic  uin-uit.  Tlie  tt^nn  Knlv.inic  in  |i)nci>  of 
voUiiiii!  iH  unwarranted  by  th<>  ltu'\»  of  i'lr>i'lci<;  !<cleiioi>.  ( Sep 
Vireuit,  Vollaie.) 

Oalvani  tlioufrht  hehaddixcovored  thi<  vital  lliiidof  animalfi. 
Volta  firxt  (tointcMl  out  the  true  explanation  ut  tin'  plipnnniena 
observed  inOalvani'it  frog,  and  dt>vitieil  the  nioann  for  protluc- 
ing  electricity  in  this  manner.  Tlie  tei-nm  ToUaic  battery,  fell, 
dreuit,  etc.,  are  therefore  preferable. 
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Galvanic  Polarlzsllon.— A  Iprni  RoinetimPs  applied  tn 
llip  jnlarijation  or  ;i  viiltai,'  i-pII.  (Spp  Poliiiiiati4m  nf  Vol- 
t-iu-  fVH.) 

Gnlvaniam, — A  term  sometinim  eniployeil  to  oxpi'^ss  Ihe 
fff«^  pHotluced  bj  vnltaic  electi-icilv. 

Galvanlxatlon, — In  i-lectro  therapeutics  the  i^fTects  pro- 
duced on  nervous  or  miisculiLr  tisniie  by  the  pnsnagre  ot  a. 
vnlluio  currt^nt. 

In  eleutro-iiietalliirgy,  th«  process  of  covering  any  con- 
ducting surface  with   a,  melalliu  coating  by  electrolytic  de- 
pottition,   HUch,    for    examjile,   as  Ihe    thin    copper   coating 
deposited  on  the  oarhon  i)encil8  op  electrodes  iise<l  in  systemB 
[_at  arc  llghUng. 

la  term  is  boi-i-oweil  from  the  French,  in  which  it  has  the 
a  signitication.  It  is  preferably  replaced  hy  the  term 
plating.  (See  Ehclro-Plating.) 
a  ia  twver  corre<<tly  applied  to  Iho  procefia  for  covering  iron 
tell  Kinc  or  other  metal  by  dipping  the  same  in  a.  bath  of 
oltea  metal. 

Ised  Iron. — Iron  covered  with  a  layer  of  zinc  by 
a  bath  of  molten  zinc. 
e  pPDcens  of  galvanizing  iron  is  designed  to  prevent  the 
or  nisting  of  the  imn  nu  exposure  to  the  air.     (See 
krfnfK,  Elfclritvil  PvoUctit.n  o/,) 
I  GatT«no-€auleri'-— (^^  Cauterff,  Ehelric.) 
Y  fialTano-Faradlxalion.—  In  electro  therapeutics    the 
■lullanenus  excilalion  of  a  nerve  or  muscle  by  both  a  vollaie 
da/nrniiii-ciirrenl. 
fCtalVanonirier.— An     apparatus     for     measuring    the 
h  of  an  eleclric  current  by  the  defli>cUon  of  a  magnetic 

e  gBlvanometer  depends   for   IIh  operation  on  tlie  fuel 
a  conductor.  Ilii-outtli  which  iin  electrii-  current  is  flowing. 
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will  dofloot  a  majc^etic  needle  placed  near  it.    This  deflection 

is  due  to  the  magnetic  field  caused  by  the  current.    (See 

Field,  MagnetiVf  of  Current.) 

This  action  of  the  current 
was  first  discovered  by  Oer- 
sted. A  wire  conveying  a 
current  in  the  direction  shown 
by  the  straight  arrow,  Fig. 
212,  or  from  -}-  to  — ,  will 
deflect  a  magnetic  needle  in 
the  direction  shown  by  the 
cu^^'ed  arrows. 
^ff'  *^'  If  the  wii*e  be  bent  in  the 

form  of  a  hollow  rectangle  F  D  E  G,  Fig.  213,  and  the  needle, 

M,  be  placed  insido  Iho  circuit,  the  upper  and  lower  branches  of 

the  current,  will  deflect    ^  B         C 

the  noodle  m  the  same 

direction,  and  the  cfreot 

of  the  current  will  thus 

bemultiplioil.   Morcuiy 

cups  ai'o  jM'ovide<l  at  A, 

B  and  C,   for  a  ready 

change  in  the  direction 

of   the    (rircuit.      (See 

Astatic  Needle,) 

This  i)rinciple  of  the 
multiplication  of  the 
deflecting  power  of  the 
current  was  applied  to 
galvanometers  by  Fig. sis. 

Schweigger,  who  used  a  number  of  turns  of  insulated  wire  for 
the  greater  deflection  of  the  needle.  Ho  called  such  a  device 
a  midtiplier.  In  extremely  sensitive  galvanometers  very 
many  turns  of  wire  are  employed,  in  some  cases  amounting 
to  many  thousands.    Such  galvanometers  are  of  a  high  resist- 
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anef.  Others,  of  toie  raiititance.  oft>'n  conRii>t  of  a  single  turn  of 
Wire  and  ai*  iiseii  in  Km  ilireot  measureniPiil  of  large  I'urii-nts. 

A  Rchweigjfer'B  niultiplier  or  coil  i:  (',  of  many  turns  of 
insuinleil  wiro,  is  shown  in  Fig.  au.  Tlie  aclfon  of  Kuch  a 
coil,  on  the  needle  M,  in  foniparuUveiy  great,  even  when  tiie 
eurrpnL  is  smull. 

In  the  disc  of  any  gulvunonjetor,  tlie  noetilc  whon  at  rrat, 
:ind  no  imrrent  is  jijuwing,  sliould  in  Kfii''n»'.  ""'"P.vapiwi- 
tion  p.-ii-nll«l  to  Uii>  langlh  'if  the  coil.  On  the  |iiui>>!^e  of  the 
current     the    , 


The 
of    the 

rsnt  piueiing  in  I'iS-  lit- 

mioed  by  observing  tite  amount  of  this  deflection  an 
1  UegrdSi  on  a  griuJuiitcd  eirclo  over  whicli  the 

i  needle  is  tlellcct^  by  tlio  current  from  a  position  of 
b,  cither  in  the  ttartli'a  magnetic  Held,  or  in  a  Held  obtained 
aapermnnnnt,  or  an  ejortro  magnet.  In  tlie  fintt  C!i«e, 
n  it  use  Id  meoHure  a  cnri'cnt,  tlie  pUne  of  the  gatvano- 
triJoils  must  coim^ide  with  Ihi'idanoof  the  magnet ii'meri- 
In  the  other  case,  the  instrument  may  bo  used  in  any 
iidtlon  In  wliiuh  llie  needle  is  free  to  move. 

I'i's  :visiime  a  viirioty  of  forinn  acwirding  eitlier 
i|||i<i|.iir|Kis<'s  !>>!' wbit-'hUleyare  employed,  or  to  tlu' manner 
■  wlik'li  Ihi'ii'  i|i'i1ei*lions  are  valued. 

^4ittlvNnt>iiirU-r,    Abxolutc A    giUvaoonictor 

aaO^oMv  ealihrulion.    (See  Ciilibration.  Abtiilutf.) 
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Such  a  ^1vaiioinet«r  at  called  Absolute  becauM  if  the  dimen- 
nJoiiH  nt  Hh  coil  and  needle  are  known,  the  current  can  be  de- 
tennintil  directly  from  the  ol»erved  deflection  of  the  needle. 
(Sec  Oalvanometer, 


Galvanometer,  Aalallc A  galranome- 

ter,  till-  iioeUle  of  which  \h  aittatic.    (See  Astatic  Needle.) 

Nobili's  oxtatic  g^ulvimnnieter  is  shown  in  Fig.  315,  The 
uatatK-  needle,  HUBpended  by  a  fibre  b,  has  it«  tower  needle 
placed  innideacoil  a,~connBting  of  many  tumn  of  insulated 
wire,  its  upper  needle  moving  over 
the  graduated  dial.  Tlic  current 
to  be  nieasiuH^  is  led  into  and  from 
the  coil   at   the  binding   posts   a" 

In  this  instruiuenl,  if  small  de- 
flections only  an?  employed,  the 
deHci'tions  are  sensibly  proportion- 
al to  the  strength  of  the  deflecting 
currents. 
OalTanometer,  B  a  1 1 1 « 1 1  r 

A   gftlvanomelcr 

Fig.tii.  designed  to  measure  the  strength 

of  cnrrentH  that  last  but  for  a  moment,  such  for  example,  iw 
the  current  caused  by  (he  disohai*ge  of  a  condenser. 

The  quantity  of  electricity  {)aHHing  in  anj'  circuit  is  equal 
to  the  pro<luct  of  the  current  and  the  time.  Since  the  cur- 
rent caused  by  the  discharge  of  a  condenser  lasts  but  for  a 
small  time,  dui'ing  which  it  jinsst^s  rapidly  from  zero  to  a 
maximum  and  bock  ogam  to  Tjato,  the  mugnelic  needie  in  a 
ballistic  galvanometer  takes  the  form  of  a  ballistic  ptmdulum, 
I.  e,,  it  is  given  such  a  mass,  and  aiHiulres  such  a  slow  mo- 
tion, that  its  change  of  position  does  not  practically  b^u 
until  the  impulses  have  ceased  to  atX. 
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e  baUiatii!  giilvatiom.-ler  uf  Sipriu^iis  ami  Hitlok.',  i 
I,  B,  Fig.  310,  liiiv.'  a  l>«l)-sliiii«<l  iiiaijiiot   M,  suspeui 


bull-sliiipeil  tnuguet  ii 
at  n,  a. 

In  itshii;  tim  biillistici,'^ilvaDuiiictcr  it  U  neo<-»atiry  i>> 
Hull  tiko  iiuuillu  is  iLl)Multltu1y  lit  rust  before  tlio  iliwliurj;i 
sunt  through  thu  l'^IIh. 

Galvunomvlvr,  Doud  Bvnt A  gitlviinuinul 

ihG    iitM-'illis   of    wli 

qllk'klf    to    tl 

iosttiwl  of  Bwiugiug 
pi^atoilly   to   anil    < 
ISim  Damjiinij.) 
C^ulviumnivlc 

DiiriTCHliHl 

A  jjolvuno meteor  t 
taininff  two  coils 
wouni]  us  U)  t«iul  t'l 
fleet  the  ncodle  in 
pus j  to  directious. 

Tbcniiedleof  adii 
c  u  t  i  a  1  gaJvaaoBM 
slipWB  no  deflect 
when  twu  equal  < 
ri-nts  iLTo  sunt  Ihroi 
Ihit    coils    in     oppo 

Ihi'so    conditions    ' 

roliK. 
otlitr't!    vlTocte. 
instnimi'iits  i 


!  AND 


Bietimcs  lilt  L-urriint  in  seat  llirough  the  two  eoila  so  tlmt 
b  coil  dctlcL'tt!  the  neoillo  in  tlii.'  same  Uireotion,  In  this 
i  the  inatrument  is  no  longer  differential  in  action.  II 
u^rnetiu  needle,  in  eucli  oaseH,  is  sits[)eailo(l  nt  tlii:  exact 
e  ot  the  liue  wJiifli  joins  tlio  iipnlrca  of  tlie  coils,  Ihu 
kntnge  is  gained  of  obtaining  li  Ituld  of  nioru  ueurly  uui- 
n  intensity  around  the  nuedle. 

!r.  Figure  at  Merit  of 

■a  figure  iif  Merit  of  Oiilvanometvr.) 

Cialvanaiuvlcr,  Marine A  galvunuiniitor 

1  liySirWiti,  Tliojiison  for  use  on  slcaiiialii|iH  wbei'c 
e  motion  of  itiugnctixcd  nioMSKs  of  iron  would  oei'iously  dia- 


irb  the  ucedlos  of  oi-dintiry  Instruments. 


Fig.  ttt. 

^Kie  nMtllc  ot  tlic  murine  gulvunonioter  is  shieldud  or  cut 

(  fh>in  tlie  i^xtnuiuouD  Uulds  so  produced,  by  tlie  uue  of  a 

rrcn  ur  ahield,  consiHtln^  of  un  iron  box  with  thick 

i,  ituide  of  whifh  the  tnslrumout  is  placed. 

||ThA  needlu  Im  Nu«|)endud  bymooinsof  ftsilk  Ilbro  atUtchod 

i  unit  Iw/ow,  und  puasiug  Ibrough  tli"   eentre   of 

fl  of  tlie  neuiltc.     In  this  mnnnc-r  the  oscillations  of  the 

Ado  notullecl  the  iK'.dli-. 


A  DHTTKHtASY  OF  KLSCTBKUL 


GBlvanom«tor,  Mirror ^A  galvanomefar  in 

which,  insteadofreadingthede&ectiotu  of  the  needle  directly 
by  iU  movement  over  a  graduated  circle,  they  are  read  by  the 
movemenbi  oF  a  spat  of  lif  ht  reflected  from  a  mirror  attached 
to  liie  needle. 

This  spot  ol  light  moved  over  a  graiivtaied  scale,  or  its 
muvenicnts  are  obsen'ed  by  means  of  a  telWcope. 

A    form  of    mirror    galvanometer  designed  by  Sir  Wm. 
ThoioBOn,  is   shown   in    Fig.  316.    The  needle  is  attached 
directly  to   the  back  of  a  light,  ail- 
N  N  vered  glass  mirror,    and   consista   of 

several  small  mug'BetH  made  of  pieces 
of  a  watch  spring.  The  needle  and  mir- 
ror are  suspended  by  u  Hinglc  silk  fibre 
and  are  {)1aced  innide  the  coil.  A  cont- 
pensating  magnet  N  S,  movable  on  a 
vertical  axis,  is  used  \o  vary  the  sen- 
sitivenesH  of  llie  inxtrument.  The  larop 
L,  plained  buck  of  a  slot  in  a  wide 
screen,  throws  a  i>encil  of  light  on  the 
mirror  Q,  froni  which  it  is  reflected  to 
the  scaleK. 
Galvanometer  Shnnl.— A  tihunt 
FIff.  tin.  placed  around  a  sensitive  galvanometer 

for  the  purpose  «f  protecting-  it  from  tliecftecbi  of  a  strong 
current,  or  for  alUring  its  Bensibility.     (See  Shunt.) 

Recurrent  which  will  flowlhrough  theshunt  wire  depends 
on  the  relaliveresixtanccof  thegulvanomcter  and  of  Ihe  shunt. 
In  order  that  only  ^,  y|,  or  j,Vii  of  the  total  current  shall 
pass  through  the  galvanometer,  it  is  necessaiy  that  the  re- 
sistances of  the  shunt  sliall  betlio  I,  A  or,),  ofthcgalvanome< 
ter  resistance. 

Fig.  219,  shows  a  shunt,  in  which  the  resistances,  as  com- 
pared with  that  of  the  galvanometer  are  those  above  referred 
to.    The  galvanometer  terminals  arc  connected  at  N  N.    Plug 


B  we  used  to  c.'.miiei't  ouc  or  anutlier  of  I  In-  Khunts  into 
I'the   cirruit     (See  Miiltii'lying  Pmrer  nf  Shunt. j 

fialvBnftnieter,  Slue A  gal  vaooinel^r  in  which 

I  m  vertical  loil  is  movable  ai-ound  a  vertkul  uxik,  so  that  it  can 
■"be  nutde  to  follow  the  magnetic  needle  in  its  deOectioDH. 


In  th«  nine  gaJvananifl*;r  (111:  i.'uil  is  moved  bo  as  to  rollow 
the  neeille,  unlil  it  in  parallel  « ilJi  IIil-  t-oil.  Under  these  dr- 
ciunetuncva  the  strength  ot  the  deflecting  currents  in  uny  two 
different  caae&  is  proportional  to  tbg  ginv  of  the  angle  o[  de- 
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A  form  of  HJne  galvanomctnr  is  showa  ia  Pig.  330.  The 
vertical  wire  coil  is  seen  at  M.  A  needle,  of  any  lertgth  less 
than  the  diamvUr  of  the  CoU  M,  taaves  over  the  graduated 
drclii  N.  Tliu  coil  BI,  is  niovable  over  the  graduated  horizontal 
circle  11,  by  wliich  the  amount  of  the  uiovcment  necessary  to 
bring  tliu  needle  to  zero  is  measured.  The  current  strength  is 
proi>ortioniil  to  the  sine  of  the  angle  measured  on  this  circle, 
tlirough  which  it  is  necessiiry  to  move  the  coil  M  from  its 
position  when  tliu  needle  is  iit  rest  in  the  plane  of  the  earth's 
magnetic  meridian,  until  tlic  needle  is  not  further  deQect^  by 
the  current,  although  parallel  to  tlic  coil  M. 

CalvimoMioter,   Tangent An  instrument   in 

which  tlio  deflecting  coil  consists 
of  u  coil  of  wire  witliiii  whicli  is 
placed  a  needle  very  short  in  pro- 
portion to  the  diameter  of  Uie  coil, 
and  Eup|)ortcd  at  tlic  centre  of  the 

A  gulvunomolcr  ucts  as  a  tan- 
gent galvnnometcr  only  when  the 
needle  is  very  small  as  compared 
I  with  thodiametcror  tliccoil.  The 
length  of  the  needle  hIiouM  be  less 
than  one-twelfth  the  diameter  of 
the  coil. 
A  form  of  tungent  galvanometer 
is  shown  in  Fig.  231.  The  needle  is  supi^orted  at  the  exact 
centre  of  the  coil  C. 

Under  these  circumstances  the  strengths  of  two  different  de- 
tlecthig  currents  are  proiwrtional  to  the  tanijenia  of  the  angles 
vt  deflection.  Tangent  galvanometers  are  sometimes  made 
witli   coils  of  wire   containing  many  separate  turns. 

Galvanomclcr,  Tangent, Obacli'H.— A  form 

of  galvanometer  in  which  the  deflecting  ociil.  instead  of  being 
in  a  llxed  vertical  position,  is  movable  about  u  horizontal 


iiKio,  xn  iiH  to  (louri'uae  tlie  il<?Iiuujy  ufflie  instrument,  iiiiil  lliiin 
lacreast!  it«  ruiif^  of  wurk. 
CSlllmDonMjttrr,  Toritlon A  galvunonieter  in 

wlitcb  till!  slrcngtli  of  the  di^llectiiig  cun'cnt  is  lueaeiireil  by 
Ihe  lorsioo  uxerti-d  on  tliu  Huspi-nsion  system. 

A  bBll-shiipeil  inoguct,  hIiowu  at  llie  right  ot  Pig.  32S,  is 
susfwadi'd  by  n  thread  and  a  apiral  aitring  between  two 
ohIs  of  high  resistance,  placed  poralli:!  to  each  other  in  the 
pOOltiona  shown.  On 
Uw  deflection  of  tlie 
ma^ct,  by  tlio  iiir- 
rent  to  bo  nifusiirtil. 
the  alrenylti  of  the 
cnrrent  is  ili'torniiiii^ii 
bjr  the  amount  of  llie 


torslo 


ilUi 


bring  the 

iMcktollseera  |n>iiit. 

Tha  angle  of  torsion 

)B  mcftsureil    ou   the 

lioriixintal  m  1    at  tU 

top  of  the  nsUiun  I 
la  Uic  tor>    r    gal 

TKnomel  r  ul  kell  e 
I  «lirctrcM)} niun  n  Wr 
I    Uieactlolibolv     ntl  o 

ooikantl  11  le 

niagnot  is 

rtnt  xtrvngtl  j 

I   Iha  iUJleetum.    lii  the 

ffyetro  dynanKHiictcr, 


Fia.ttt. 


*nlnci'i.'iJMeiutIiudeflecti]igc«ilprodi.ii-e.sa  corresponding 
tile  di^flected  coil ;  tlie  njutiiiil  iiclion  of  tlie  two 

the  sqiinn-  of  Vie  current  strength  eaiming  Ihr  dfflKcliitn. 
;  Vcrilrul  - — - — Aj;iUviinometei-.  the 
apable  of  nioliuD  in  u  vertical  plane  only. 
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In  the  verlicul  ^nlfaDoini-Ur  the  DOrtli  pole  is  weighted  so 
thnt  the  needle  assumes  a  vei-tit:a1  )X)sition  when  nocurrenLis 
passing.  In  tbeformshowu,  ioFig. 323, twoneulleaarnsonHi- 
tiniL's  employed,  one  of  whit-h  is  pliwed  inside  Uie  coils  C,  C. 

The  vertical  gal  viinouieter  is  not  as  aeneJUveaJitht?  ordinary 
fornie.  It  ie  employed,  however,  in  vu-ioua  toi-ms  foi'  un 
electric  current  indicator  or  even  for  »  rough  current 
measurer. 

QttlTanomelcr,  VoK-Meter An    iiuilruinent 

dovjaed  by  8ir  Wni.  Thomson,  for  the  ineusuremeiit  of  diSer- 
encee  of  electrii:  {lotential. 

This  inatrument  is  ho  arrangvd  tliut  by  u  8ini|ilc  curreL-tion 
tor  thu  vtiry  ing 
strength  of  UiQ 
cai'th's  Held  in  auy 
pluce,  the  results  are 
read  at  once  in  voUt, 
A  coil  of  iniiiiliited 
wire,  shown  at  A, 
Fig.  334,hasa.resi8t- 
anoe  of  ovt-r  0,000 
ohiiiH.  A  niHgnetic 
Hfcdle.  fumied  of 
short  poralUl 
necdh's  placed  above 
one  another  and 
calU'il  a  mngwfUmK- 
(rr  HtcilU,h  attat^hed 
to  a,  lung  hut  light 


■vmg  o 


uaU>d  scalu. 
uhk-.      Hi^nii 


agmd- 


magnel  B,  ciilUvl  the  nvliirinii   magnd,  h 

needle,  tmd  l»  uwJ  tor  vuryuig  Ih-^rffwlof   the   earth's  Held 
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at  lUiy  point.  Tlie  oenaltivenpsa  of  (he  iDatninienl  may  be 
varlwl  liiDiiT  liy  (hi"  I'esloring  iiiftgnpt,  or  by  sliding  Ilits  mag- 
vettmufhr  bo^c  neurpr  to,  or  further  away  Irom  the  coil. 

The  volUmetrr  galvnnometer  di^pentk  tor  its  operation  on  tl 
tu^t  that  when  a  galvanometer  or  MiilttcienUy  liigh  reniHtuni 
w  introdiiccil  hetwiwn  any  two  |K>in(H  in  a  cinniit,  the  current 
that  pmiseH  through  it,  nnil  li^rice  tlie  ilefletlion  of  its  needle, 
ia  directly  proportional  to  the  tlilTerener:  of  jKiteatial  lietweea 
such  two  (KiinlH. 

Uulvanoinetern  for  the  commercial  measurement  of 
rents  odNume  a  variety  of  tormH.  They  ai't.-  generally  ho 
Btructed  ur  lo  rctul  off  the  amp^rai,  kdHh,  ohing,  leatU,  ete,, 
directly.  Tliey  are  called  ampiremtfters  or  mnvieffrit, 
meltTK,  ohtnmttrra,  wattmeter*,  etr.  For  th)>ir  fuller  ileflorip-' 
tion  refei-eiioe  should  he  liad  to  slamlaiil  elei-lrio.il  works. 


Onlvaiio-Plaadci.— A  term  formerly  employed  to  ex- 

preBaelprlriJtypin;,-or.'lectro-metalhirgical|irOi-eases.  butnow 
Ifenerully  nlmniloiied,     (See  Elveliif-Mflnll'iif/]/.) 

Gal Tano-Puilcl  lire. — fn  eWtro  therupeutit»  the  treat* 

ment  of  aiseww'd  parts  of  the  bwly  by  the  introduction  therein 

of  elei'trolylie  neetllts.     (See  Eleitro-Piitwlure.) 

Oalrnnoarnplc  IV»(|.— (Sen  frog.  Onfranoowirfc.) 

Ctaw-Bnltcry. — A  battery  in  which  the  elemenlacotisiimed' 

en  ivs  iliHtiiid'iiishiil  from  suMiIm. 


8oa 


A  DICTI0NAR7  OF  IIA3TRICAL 


Tli(^  (>lp<!f  roden  of  u  ^ob  battery  generally  oonsiiit  of  plotcB  of 
platinum,  or  olhrr  Roliil  Hubsliu)(«  wliEch  poascsscw  tlio  power 
of  iw<liiiliii;;  oxyg:«n  and  hyJn^ea,  the  lower  parts  of  which 
)))Uili^  tlip  itilii  ililiito  Hiilpliuric  add,  nnd  the  upper  parts  are 
rcspi'c'l.ivi'ly  siiritxindcHl  by  oxygen  and  liydrogen  gas  derived 
fruiii  lli»  I'JiH'trolytic  <lecom[>oflition  of  the  dilute  acid. 


=kS 


FIff.  sss. 

A  pas  battery  ronsistinfj  of  plates  of  platinum  dipping 
below  into  lu-iil  liiiiiid,  anil  Kiirroiinded  in  lbc>  !t[)aci>  above  tiie 
liquid  by  liyilropsn  and  oxygon  II,  W  anil  O,  O',  etc,  rcs)>ecl' 
ively,  in  Hliown  in  Fig.  iSTt. 

In  cliai-ginK  this  battery  an  cleetric  ciirrnnt  is  sent  tlirough 
it  until  a  eci'tain  quantity  of  tli<>  gases  hivt  been  produced. 
It,  then  the  chai^ng  cnrnint  be  dincontiiiui^d,  a  cnrrcnt  in 
the  opjiosite  diroctioa  is  produced  by  tlic  b.itti'ry.  The  gas 
battery  isinrealitya  vai'iely  of  atoraije  biittt'ry.  {Hec  Storage 
of  Elerlririty.    Storage  Cells.) 

Ciaa  batterivs  ran  also  lie  made  by  feeilinff  t'onlinually  n  aas 
capable  of  acting  on  the  (Kwilive  ebinienls. 

Gaa  Burner,  Automallc (See  Jitimer.  Auto- 
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CJiH  Jcl  Plloloineier.— A  pliotoineliT  Tor  delennimng 
llii'  iiiloriHily  i>r  Kiw  Vii^M  liy  ml>i^'^llrinK  thi;  U-nifUi  of  tlie  gas 

jpl  proifudnf;  lh<?  UgM  ivlipti  Imrning  iinii'T  i-ertain  ciituin- 

OuM    Liclillng,    EIcciHp Vurioiis  i!t<vk*3 

pmploywl  'ortliosiniiilliinpous  cli-cli-if  iLriiilitin  of  it  numbur 
9f  gui  join  from  u  distance. 

Such  deviccii  lire  (ipt-rated  by  nicms  of  rainu(«  nleotric 

spnrks  whicih  iii'o  ciuneil  to  ptins  tlnijii^h  tlii>  I'suapini-  ^j-us  jets. 

Tbe  spark  for  this  purpusB  ia  obtaiiioil  oittiyr  by  ini-ana  of 

th*  extra  cui-rfttl  troxn  a  itpark  eoH,  by  iiii-ans  of  itn  iiiifuc- 

Mm  <ml  or  by  static  dischorgiTH.     {Hiw  Keirn  Cui-re»t.   Spitrk 

OoO.     Indiirtion  CoU.} 

Os»e«,  Opi'IiiNionof-^^— — (Se^  Occlitaumof  Oitxeii,) 

C)a«lro«copr.— AnaltMrlriciipimratuafiirtbe  illiiminittioii 

and  lospoclion  of  the  hiimnn  Ktomncli. 

The  light  is  oblsiineil  by  nK^anx  of  -a  platinum  Bpiral  in  iv 
glaca  tube  Huri'oundiHl  by  a  liiy<!r  of  water  to  pr^vctit  uitdtiu 
~'hc  platinum  spiral  is  placed  at  Iho  exlrrniilit!!! 
tiibft,  provided  wiLb  prisms,  and  piisscd  into  the 
xtotnac'li  of  Hio  patient.  A  scparah}  tulw  torthusuji|ity  of  uir 
forlheexlcasior  of  tlie  sloinnch  is  alao  pi-ovidotl. 

ChmBe.  Elvptromcter A  deviwi  employed  in 

Oftcneotioii  n-itiisome  of  Sir  Wm.  Thomson's  el ectromi-tf-'rs  to 

uoertnin  wbcthor  the  nix<d1e  tronnecti'd  with  the  Inj'urofiujjd 

that  actM  nx  tlin  inner  coating  of  the  Leyden  jar  usnd  in  eon- 

nection  tlierpwith,  is  ut  its  normal  i>o(enLial. 

The  gaugi!  I'ouKiHta,  as  shown  in  Fig.  220,  of  an  attr.u^tcil 

I   diM  nlootmnioti'r.     Thn  attracted  ilisc  is  shown  abovu  In  Hit' 

I   cover  plate  ;il  S,  and  tin'  attracting  disc  nt  B.  instdiitod  by  rod 

,    A,  but  eluctrlcally  connectod  liy  the  wire  C  to  tho  suljihurk 

acid  in  the  Li^yilon  Jar. 

fiange.  Wire (Sen  Wire  Oauge.) 

W.— Thii  unit  ot  inl..iwify  of  ni;>i,'ii.'ti(.'  fiold. 
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The  term  gsxkfvi  for  unit  of  intensity  of  -ma^etie  field 
proposcil  by  S.  P.  ThorapHon  as  being  that  of  a  field  whoiM  in- 
tensity is  equal  to  10*  C.  O.  S.  units.  J.  A.  Fleming  pro* 
poses  for  the  value  of  tlie  gauss  such  a  strength  of  field  as 
would  develop  an  electro-motive  force  of  one  volt»  in  a  wire 
one  million  centimetres  in  length,  moving  through  such  a 
field  with  imit  velocity. 

F!eming\s  value  for  the  gauss  was  assumed  on  account  of 
the  small  value  of  the  gauss  proposed  by  S.  P.  Thompson.  It 
is  100  times  greater  in  value  than  Thompson's  gauss. 

Sir  Wm.  Thomson  proposes  for  the  value  of  the  gauss  such 
an  intensity  of  magetic  field  as  is  producedby  a  current  of  one 
(ampere)  weber  at  the  distance  of  one  centimetre. 


Ftff.He. 

Oelftsler  Tubeti. — Vacuum  tubes  of  glass,  provided  with 
platinum  electrodes  which  are  passeil  through  and  fused  into 
the  glass,  and  designeil  to  show  the  various  huninous  effects 
of  electric  discharges  through  cx)mparatively  low  vacua. 

Geissler  tubes  bre  made  of  a  great  variety  of  shapes,  and 
often  include  tubes,  spirals,  spheres,  etc,,  within  other 
tubes.  These  inclosed  tubes  are  made  either  of  ordinary  glass, 
or  of  uranium  glass  in  order  to  obtain  the  effects  of  fluor- 
escence, or  some  of  the  inclosed  tubes  are  filled  with  fluor- 
escent liquids. 


WOKM,  T 
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The  vacuum  in  neifulei'  tulien  is  l>y  no  iiii^uiiH  what  miglit 
U  be  colletl  a.  high  va<^uiiiu.  Indooil,  i(  tho  i^xhauntion  of  (he 
■'tube  be  pushed  too  Tar,  miioli  of  the  tirilliancyof  the  himlnoua 
(effei^te  are  Wt 

Two  of  themaay  torm-surOeiHsleriubesisRhownin  Fi^;.  837. 

Oeaeralor,  Dynmufi-Elevtrlc An  apiia- 

ratus  In  which  eletitricity  in  (irodiiiM^J  by  Ihe  nii'chunjcal  move. 
BnentorooiitluctorH  ill  a  tiiugnetic  fidil  so  UK  to  cut  the  lines 

A    dyniiiii.t-.'ti-ctrie  miu-l.i.ie.     (Sop   nga-imo-Elei-Iri,-  M-t- 

4iien«rator,  Prro-HoKnellc An  appura- 

Elus  in  whii'h  plei-tricity  is  pi'oiim^ed  by  tlifi  (■ombined  aetion  o( 
■fieat  anJ  magnetism.    (See  Pffro-iltignetic  Oeneralor.) 


c^  I    iTT 


fHt.tl7. 


Clenrrnlor,  Krt-oiidary (Sc'  Si'fiinliirff  Gene- 

Bmtnr.) 

tivogruplilritl  r.quator.  (Bee  Eqwitur.  Ontgraphieal.) 
CiieoKraiililfHl   Hfrltllan.     (See   Meridian,  Oeograpb- 

i<:tl.) 

Olldlttc,  EleclrlP Thi>  electrolytic:  ilepesitlon 

it  golA  on  any  obj'ei.'t. 

objeel  I.-i  lie  gilded  is  rendered  a  cnnduclor  on  ifa  Bur- 

nd  c«niiiM.'t''d  tiitheuegalivr' terminulof  a  voltaic  cell  or 

UK,  ^u<l  iniini.-m<d  in  a  plating  tmlh  containing  a  bo* 
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A  tnonoKABT  or 


liition  m  A  fialt  ot  Kolil,  oppofiite  u  plate  ot  goldconoected  with 
till!  )Ki)iitivi!  U^ruiiiml  otthoHource.  The  objecte  to  be  plated 
tliuH  b<H'oiHCH  till!  kiktliodc,  and  tlie  plate  of  gold  the  anode  ot 
the  plalinK  batli.  On  the  passage  of  the  current,  the  g^>ld  is 
diHsolved  from  t lie  pluteatlht:  annde  anil  deposited  on  the  ob- 
ject at  the  kathoilc.    (Sec  Kathode.  Anode.) 


G  i  mbBtH .— Conponlrir 
In  u  compn.'ts  box,  and  on 
40  U.S  to  cnubic  il  to  rem 
movemenlfl  of  the  xliip. 


ringH  of  brans,  aunpended  on  pivots 
which  the  conipoaa  card  in  supported 
lain  horizontal  notwithntandin^  the 
(See  Azimuth  Compiam,) 

EiWh  tiag  Lt  Ruspended  on  two 
pivotx  which  are  directly  opposite 
each  othi>r,  that  is,  at  the  endn  of  a 
iliaiiietcr.  hut  this  diameter  in  one 
rtni;  in  iit  rij^lit  ani;lei«  to  that  in  the 


/I7.  MS. 


i|„A  "'il  ClobDlar    I.lghtnliig.— A 

if     ^XlB  \'ariHy  of  lightning  in   which   the 

eleclri<'ity  ajipcars  in  the  fin'iii  of 
a  bull  or  globe  which  flouts  qiiii>lly 
about,  and  at  lout  explodes  Willi  a 
loud  detonation. 
Iln  cause  is  but  little  understood. 
The  actual  existence  of  these  bolls  or  globes  is  dunbted  by 
some,  wlio  rtrj^'urd  them  im  ojitical  elTect«  produced  by  the  per- 
sistence ot  the  optical  inipresnion  of  a  discharge. 

Olow  Dlitcharge.    (See  Discharge,  Contvetive.) 

Cold  Balh.    (See  Batlis,  Gold,  etc.) 

Gold-licnf  ElectroNCopc. — An  electroscope  in  which 
two  leaves  of  gold  are  used  to  detect  the  |HT?spniN'  ot  nil  electric 
charge,  or  to  determine  its  character  whetlier  positive  or  ne- 
gative. 

When  a  cliarge  is  imported  to  the  bnob  C,  Fig.  SS8,  the 


I,  11,  iliverKi'.     TliwwillcHi'iir  wtiPthpr  Hip  churKP 

o  (leterniiiie  tliti  jiolarity  ot  an  unknown  charge,  Uie  li^avM 

<t  rausptl  to  Uivpfge  hy  ninuiis  of  a.  known  positive  or 

(atiVG  chargo.     Thn  unknown  rluu-Ke  is  then  given  to  the 

ir  they  diverge  Ktill  riirtli<>r,  Lht^n  thechar^Ms  of  the 

s  thut  originally  {tonsKiHiHl  by  th<i  leaves.    It, 

ktwevor,  they  flmt  vwve.  Iitgethrr  nnil  ai-e  liien  repellci],  the 

iB  or  lliP  opiMimte  miiiif. 
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■,  Centnniical  - 


-  (Urc 


■„tri/»,j,it   0.n'- 


,  Electric  HIenm A  cievice  used 

It  coonecUon  with  a  valve  to  no  elpHriuilly  regulate  the 
tply  of  sLeam  loan  eni^ine,  that  Ih^dngine shall  Ite  driven 
n!t|ieGil  :i<i  will  nrnlntaiQ  oither  n  constant  current  nr  a 
t  iiotentiiil. 

i  elflctrlc  ^vemor  the  »1eivm  vnlve  i.9  operated  by  an 

o  mo^nt,  wlione  coils,  in  the  case  of  a  constant  current 

.  ar^of  thirk  vi-ireand  are  in  lliemain  circuit,  ami  in 

,  constiLnt  jiolcntial  machine  are  of  thin  wiii-  anil  are 

A  shunt  around  the  niainn. 

,  Electric DovicBfl  tor  electriailly 

mtrolling  the  spepil  of  a  steam  engine,  the  direction  of  i-ur- 
mt  In  a  jiluUng  bath,  the  flpeed  of  un  electrie  motor,  the  re- 
'    n  ela^tric  druuit,  the  How  of  water  or  gus  into  or 
"from  a  vesHel,  or  for  other  similar  purposes. 

The  pai'tioiitar  form  assiuned  hy  the  apparatus  varies  with 
UiB  i-lutrut.'ter  of  the  work  it  Im  intended  to  ocL'ompliHh.     In 
c  rows  onlinary  ball  eentrifugal  gnvernoi-s  are  employed 
I'low"  a  lircuit ;  or,  a  mass  of  mercury  in  a  rotating 
i  w  uauseil  nt  a  isrtnin  speed  to  open  or  vloivi  a  circuil  i 
ft  r(«islnn(^eof  nbnndleof  rorbondlscais  eauwil  tu  vary, 
r  hy  pn-s.'fiirc  produi-eil  liy  ivntrifiigitl  funt;  or  by  the 


Bodies  Hiipitortcil  ut  their  ceutrtM  of  (j^nivity  are  jn  e<|uili- 
brjuni,  since  tlicir  wcigiit  ia  lhi.-ti  evenly  ilintributed  arouad  tlie 
point  at  support. 

kGreuet'M  Vollnic  Vvll.— (Call,  Voriuic.) 
Grid.— A  lejul  plate  in  tlic  foi'lu  of  a  gridiron,  t.  e.,  pro- 
de<1  Willi  iierroralions, 
B.id  eiiifiloyi'd  ill  Hloi'ajje 
cells  Iw  tlic!  Niipport  of 
tltoiV'tiviMimlerial.   {Sec 
SecoTulary  Cells.) 

GrolhiiHH*     Hypo- 

llCAh.— A     liyi>o(  hosis 

iviiKKl  by  OroHiiiss  to 

jownt  tor  the  Eleetroly- 

bphenuiueiku  tliat  oi-cii  r 

'Mting  the  circuit  of  u 

]c  cell. 


P)  That  liefoic  the  cir- 
l  is  cloaxd,  Hie  mole-         '  — ^^^ — - 

I  of  the  electrolyte 
I  arranged    in  an   ir- 

•r  UHjiokiriz&l  toudition,  asrcji 
Tlieau    tiioli 


/Iff.  as). 


:l  in  Fi},'.  •££». 
«   Himded,   as 
tihown  in  Pi^.  230,  to  iudioaX«  tlieir 
coMiiMSition  and  [lolarity. 

(2)  When  the  circuit  is  closed,  and 

a  ciirrt?'nt  begins  U>  pass,  a  jiolariga- 

(«)(tottheetec/r(>/y*M»shownal(3), 

ciiNui!S,    wheri^by    all    the    nogative 

IfB  of  hydrogPO  HUlphate,   or  siilplmHu 

■  ards  llic  jNiBid'w,  or  the  MJrn;  i>IliIi>,  j.ml 
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the  positive  ends,  towards  the  negative,  or  the  copper  plate. 

This,  an  will  be  seen,  will  turn  the  SO4  ends  toward  the  linCy 
and  Die  H,  ends  towards  tlic  copper. 

(3)  A  deconi|>o8ition  of  the  polarised  chain  whereby  the  SO4 
unites  with  the  zinc,  fomiini^  Zn  SO4,  and  the  H^  liberated 
reunites  witli  the  SO4  of  the  molecule  next  to  it  in  the 
chain,  and  its  liberateil  II,  with  the  one  next  to  it,  until  the 
last  liberated  II,  is  given  oil  at  the  surface  of  the  copper  or 
negative  plate.  This  leaves  the  chain  of  molecules  as  shown 
at  (3). 

(4)  A  semi-rotation  of  the  molecules  of  the  chain  as  at  (3), 
until  they  ussunie  the  position  shown  at  (4).  This  rotation 
is  required  since  tlie  niole<niles  in  (3)  are  turned  with  their 
similar  poles  towards  similarly  charged  battery  plates. 

Or€»und  or  Eartli-Orouiidcd  Wirc.—Tlie  earth  or 
ground  which  forms  i)art  of  the  return  path  of  an  electric  cir- 
cuit. 

A  circuit  is  grounded  when  it  is  completed  in  part  by  the 
ground  or  earth. 

Grounded  Circuit.— (See  Circuit,  Grounded.) 

Grovc'd  YollHle  Cell.— (See  Cell,  Voltaic.) 

Gutla-Perclia.- A  resinous  giuu  obtained  fix)m  a  tropical 
tree,  and  valuable  electrically  for  its  higli  insulating  powers. 

Gutta-percha  readily  softens  by  lieat,  but  on  cooling  be- 
comes quite  hard  and  tough.  Unlike  india  rubber,  it  possesses 
but  little  elasticity.  Its  specific  inductive  capacity  is  4.2, 
that  of  air  being  1,  and  of  vulcanized  india  rubber  3.94.  (See 
Capacity,  Specific  Inductive.) 

Gy miioluii  E  leelrleufi  .—The  electric  eel,  (Sec  Eel,  Elec- 
tric.) 

Hall,    Adsumed    Electric    Origin    of A 

hypothesis,  now  generally  rejected,   framed  to  explain  the 
origin  of  the  alternate  layers  of  ice  and  snow  in  a  hail  stone. 
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by  the  alternate  electric  attractions  and  repulsions  of  the 
stones  between  neighboring,  oppositely  charged,  snow  and 
rain  clouds. 

It  is  now  generally  recognized  that  the  electric  manifesta- 
tions attcmding  hail  storms,  are  the  effects  and  not  the  causes 
of  the  hail.    (See  Paragriiles.) 

Hair,  Electrolytic  Removal  of Tlie  per- 
manent removal  of  hair  by  tlie  electrolytic  destruction  of  the 
hair  follicles. 

A  negative  platinum  electrode  is  inserted  in  the  hair  follicle 
and  the  positive  electrode,  covered  with  moist  sponge  or 
cotton,  is  held  in  the  hand  of  the  patient.  A  current  of  two 
to  four  mUliamp^res  from  a  battery  of  from  eight  to  ten 
Loclanch6  elements  is  then  passed  for  from  ten  to  tliirty  sec- 
onds. A  few  bubbles  of  gas  appear,  and  the  hairs  are  then 
removed  from  the  follicle  by  a  pair  of  forceps.  (See  Milliam- 
jH'rcs.) 

When  the  work  is  properly  done  there  is  no  destruction  of 
the  skin  and  therefore  no  marks  or  scars. 

In  the  removal  of  hair  from  the  face,  it  is  preferable  that 
the  current  should  slowly  reach  its  maxinmm  strength. 

Hall  Effect.— (See  Effect,  Hall) 

Hang[cr-Board  of  Electric  Lamp.— A  board  furnished 
with  a  hand  switch  and  hooks  for  connecting  it  with  a  circuit, 
and  provided  with  means  for  readily  placing  an  arc  lamp  in 
the  circuit. 

The  lamp  is  connected  by  the  mere  act  of  hanging  it  in 
position,  though  binding  posts  are  generally  connected  with 
the  board,  for  the  purpose  of  more  thoroughly  connecting  the 
lamp  terminals  with  the  circuit. 

Haiiffcr,  Cable or  Clip.— (See  Cable  Clip.) 

Harmonic  Receiver. — (See  Receiver,  Harmonic) 

Harmonic  Telegraphy.— (See  Telegraphy,  Harmonic.) 

Head  Light,  Loeomollve  Eleclrle An 
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electric  light  pUuiuil  in  tlie  fociia  of  a.    jHirubolic  reflector  in 
front  of  a  Ioi.'d motive  engine.     (Sec  Li^ht  Jfoate  /Ilumtna- 

H«>t,— A  form  of  energy. 

The  phenomena  of  heat  are  due  to  a  vibratory  motion  im- 
pressed on  matter  by  the  action  of  some  form  ot  energy. 

Heat  in  a  body  ia  due  to  the  vibrations  or  oscillaUona  of  its 
molecules.  Heat  is  tnuamitted  through  space  bj  roeans  of 
a  wave  motion  in  the  universal  ether.  This  wave  motion  U 
Uie  same  as  that  causing  light. 

A  hot  body  loaea  its  heat  by  producing  a  wave-moUoD  in 
the  Burroundiog  ether.    This  process  is  called  radiation. 

Radiant  Energy,  or  energy  transmitted  by  means  of  ether 
waves,  is  of  two  kinds,  viz. : 

(1)  Obtcure  Heat,  or  heat,  which  dooM  not  affuct  the  eye, 
althou^ii  it  can  impress  a  photographic  imug'eon  usufHcienUy 
sensitive  pliotographic  plate. 

(2)  LuminojiB  Heat,  or  heat  whicli  accompanies  light. 
Heat  is  conducted,  or  transmitted  through  bodies,  with 

different  degrees  ot  i-eadiness. 

Some  bodies  are  good  conductors  of  heat,  others  are  poor 
conductors. 

Heat  ia  transmitted  thro\igh  tlie  nia»s  ofliquidsby  raeansof 
currents  occasioned  by  differences  in  density  caused  by  differ- 
ences of  temperature.  These  cun-ents  ore  called  eonveetion 
currents. 

Heat  is  measured  aa  to  Its  relative  degree  of  inteneity  by  the 
thermometer.  It  is  measured  as  to  its  amount  or  quantity  by 
the  cotortmeter,    (See  Thermometer.  Calorimeter.) 

The  heat  unit  is  the  caiorie,  or  the  amount  of  heat  required 
*«  raise  one  gramme  of  water  one  degree  centigrade. 

Another  h«at  unti,  very  generally  employed  in  the  United 

at«a  and  England,  is  the  quantity  of  heat  required  to  raise 
■  pound  of  water  1°  Fahrenheit.  (See  Calorie.  Heat  Unit, 
tish.    Joule.     Vott-CouloJiOi.) 
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Hrni,  Abavrpllon  nml  Uencradoii    of  In 

t  VoltHiC  C*-ll».— The  lieat  ..-ffetts  whioli  ultuiid  llie  action  of 

The  cheinictti  nululion  af  the  {lositive  plate  or  cIcmcDt  of  a, 
Jvoltawoell,  lihuall  ctuustotchL-iuical  combination,  is  attended 
jr  B  devolopnient  of  heut. 

When,  however,  the  t-ircuit  of  llu)  e<'ll  is  c^lused,  the  fiicrK.v 
Rit«4l  during  tlie  ciieniiciil  coiubi nation,  iippeara  iis  bUm- 
itaty,  wliich  develops  heat  in  all  i>art9  of  tiiu  circ-uit,  (Seu 
B«at,  Eleetrit:     Cell,  F<rf((iic.) 

■vttl,  Alotnlc —A  cootttant  proOiict  ohtaininl  by 

fttnidtiplying  the  Hpeciiic  lieot  ot  an  elementary  subatunee  by 
"^  atomic  iBcighl.     (See  Altnaic  Weight.) 

e  prodiii.4  oriheepocilluheatot  allvlcnicnlury  siibHtHni^es 
J  tlteir  atomic  weights  is  nearly  the  same.     ThJH  prodnctis 
«)  Die  alumie  hfitt,  anil  is  about  equal  tu  6.4. 
I,  Uwrefore,  a  number  of  gramnieH  of  any  »ubHtanci!,  Hnuh 
;  chlorine,  be  laken  nuiiierically  equal  to  its 
nlc  wcii^lit,  vis.,  35,5,  this   nuinher,   uilled  tlie  gnimnie 
n  tff  ehiorine,  will  represent  the  nunibei*  of  «inaK  eiiloriea 
it  rBquirad  to  raise  one  gmmnie-utom  of  such  substance 
igh  V  C.    (See  Cnlorie.) 

;  Electric The  lieuL  <levelupc<l  by  llie  [uias- 

•  oltha  electric  current  through  any  ixinduetor. 

t  is  devclu|HHl  by  the  passa{;e  ot  tJiu  current  Hirough 
y  conductor,  no  matter  what  its  ri'siHtanix!  may  be. 
it  the  condiu'tor  is  of  considerable  lengtli,  and  of  good  con- 
g  power,  the  heat  developutl  is  nut  very  sensible  since 
■  sprout  over  a  conuideruble  area,  and  is  rapidly  lost  fay 
idiatiott.  (Bee  Heal.) 
,  the  heat  generated  in  any  conduelor  ot  a  resistance  R, 
e  through  it  ot  an  cleuti'icciUTenlC,  istn|ual  to 

H  =  C  R,  in  wiitta. 
tt  =  .'H  small  caloi'ie  iier  so 
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Therefore,  t\\e  liuat  which  is  genpratod, 

II  =  C  '  R  X  .24  calories  per  stTunil. 

For  theciL-4.!  of  a  iiuiforni  wire  of  circular  cross  section  the 
resistance  K,  in  ohms,  is  diitMrtly  pmportional  to  the  length 
I,  and  inversi'ly  pi'oportioniil  to  thu  arc*  of  cross  section 
wr',  or 

B  = !  thfttis,H  =  C'f )   . 

ffr»,  '^  «T"' 

The  temperature  to  which  a.  wire  of  a  given  resistance  is 
nused,  will  of  course  vary  with  the  maas  of  the  wire,  its  radia- 
ting  surface,  and  its  specific  )icat  capacity.  If  the  same  num- 
ber of  heatcalories  ore  generated  in  asmall  weight  of  a  conduc- 
tor, whose  radiating  surface  is  small,  the  resulting  temperature 
wilt  of  course  be  far  iiigher  than  if  gencrate<l  in  a  larger 
mass  pruvidud  with  a  mucli  greater  iiultating  surface.  In 
geneml,  however,  its  tcmperatui'c  inci'eases  as  the  square  of 
the  current  strength,  and  as  the  I'csistance  of  the  wire  per 
unit  of  length  is  greater. 

The  tempci'ature  a  wiro  acijuircsbytlie  passage  of  a  current 
through  it  varius  with  the  thii'd  power  of  the  i-adius.  If  two 
wires  of  tlie  saiuu  material  liavo  the  same  lengths,  but  differ- 
ent radii,  the  temperature  acipiiretl  by  the  passage  of  an  elec- 
tric current  will  depend  on  tlie  heat  developed  per  second 
less  that  ratliatcd  per  second.  Since  the  former  varies  as 
1 
— ,  and  the  latter  as  r,  that  is,  as  Z  x  ZTTr,  the  temperature 


attained    varies   iis  — ,  and    not   as  — ,  »a  frequently  stated. 

r»  r' 

(Larden.) 

The  current  required  to  raise  the  tj'm|>eruture  of  a  bare 
copper  wire  a  given  number  of  degrees  above  the  tempera- 
ture of  the  air  is  given  in  the  following  table 
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HcMit^  Molecular The  number  of  calories  of  heat 

required  to  raise  the  temperature  of  one  gramme^moleeule  of 
any  substance  1**  C.    (See  Heat,  Atomic) 

Heat,  ISpeelfle The  capacity  of  a  substance  for 

heat  as  compared  with  the  capacity  of  an  equal  quantity  of 
water  for  heat. 

Different  amounts  or  quantities  of  heat  are  required  to  raise 
the  temperature  of  a  given  weight  of  different  substances 
through  one  degree.  The  specific  heats  of  substances  are 
generally  compared  with  water  or  with  hydrogen,  the  capa- 
city of  these  substances  for  heat  being  very  great. 

The  specific  heat  of  all  elementai'y  atoms  is  tlie  same. 
For  example,  the  heat  energy  of  an  atom  of  hydrogen  is 
equal  to  that  of  an  atom  of  oxygen,  but  since  the  latter  weighs 
sixteen  times  as  much,  a  given  mass  of  hydrogen  contains 
sixteen  times  us  many  atoms  as  an  equal  mass  of  oxygen ; 
tliei'efore,  when  compared  weight  for  weight,  hydrogen  has  a 
specific  heat  sixteen  times  greater  than  tliat  of  oxygen. 

Or,  in  generaly  comparing  equal  wei^hts^  ttie  specific  lieat 
of  an  elementary  substance  is  inversely  j^ff^l^^fional  to  its 
atomic  weight,    (See  Calorimeter,) 

Heat,   l^peeiflc of  Electricity.— (See  Specific 

Heat  of  Electricity.) 

Heat  Unit,  EnglUh,  or  British  Tliermal  Unit.— 

The  quantity  of  heat  required  to  raise  the  temperature  of  one 
pound  of  water  V  F, 

This  lieat  unit  represents  an  amount  of  work  etiuivalent  to 
772  foot-jwunds.    (See  Mechanival  Equivalent  of  Heat,) 
1  Foot  Pound  =  13,562,600  Ergs,    (See  Erg,) 

Heat  Unit,  or  Calorie. — The  quantity  of  heat  retpiired 
to  raise  the  tempei*ature  of  one  gramme  of  water  1'  C. 

The  caloric  is  sometimes  taken  lus  the  amount  of  lieat  re- 
quired to  raise  the  temperature  of  1,000  grammes  of  water 
1"  C.  These  are  termed,  respectively,  tlie  Sm^l  Calorie  and 
the  Jjorge  Calorie,    (See  Calorie,) 


WORDS,  THBHS  AKD  PRIUeas. 


I"  qiianUty  of  heal  ilevcloped 

e  am|H'ii-o  tliifiiiK'i  '■'■  crain- 


Heat  Cnit,  or  Junl«.— ' 

1^  of  n.  i-iiri«nt  ii 
e  of  one  ahm.    (Soe  Joule.) 

1  Joule  —  .24  Caloric. 

I  Foot  Pouni!  =  I.aao  Joule. 

Heater,  Electric A  devUe  tor  the  c 

tf  electric-jty  into  lieaL  for  Uie  |iur|KiseH  of  artificial  heating', 
'  EUectric  henli?rH  ix>mii!)t  esaeiitially  ot  mils  or  circiiitH  of 
e  reri-actoi-y  substAuou  of  hig-h  rcsiatonue,  through  whidi 
the  current  is  passed.  These  coils  or  circuits  ure  HurniuiiJed 
hy  air  or  flnely  divided  Holids,  and  placed  inside  metallic  boKea, 
or  radiators,  wliidi  throw  olT  or  radiate  thti  lieul  produi«d. 

MThen  eraployt-d   luv  the  hiMiUnjir  ot  titjuids  the  coil.i  are 
blaoed  directly  in  the  liijuid  to  1>e  IkanXed,  or  ara  Hiiri-oLUided 

g  l)oxp,s  Ihut  lire  pla<»il  in  ihi'  liquid. 
[Beotins  EflV>cla  of  Carreotit.— (S<ie  Heat,  Electric, 

riilteter,  Elrctric.    Joule's  Laws.) 
[  Hecto  (iiH  a  preHx.) — One  hundi-ed  limea. 
I nellcea,  Slnialronal  niitl  noxlruraal    ■—  —Coils 
|f  wire  so  wrapped  or  wound  tiiitt  when  travei'sed  by  un  ete*^- 
it  they  utxiuire  all  the  piupertics  of  motets.    (See 
nCria,  Sinistrartal  and  DfxtrorKiil.) 
r  UellOgrnph,— Au  instrument  for  telegraphic  eommunica- 
n  by  meunH  of  llii^hes  of  light,  which  represent  the  dotsund 
Uihes  of  thf  MiirnealjihitfMtt,  or  the  movements  of  the  needlo 
|f  the  neeiile  tetegniph  to  the  right  or  left     (3ce  Alphitbet 

jrayhie.) 
I  Tbe  finshes  of  light  arc  thrown  from   the  .surface  of  a  plane 
ilioiis  to  the  light  or  left  maybeiiaeil  lu  ditiUnKuish 
«cit  tlie  dot-i  and  dashes,  or  the  same  piir)H>ae  iiiuy  be 
fted  by  the  i-clative  durationa  of  the  Haahen  of  light,  or  hy 
A  intervals  hetweeu  suctseteive  fltishea, 
[Btiaflltr  telegraphic  communication  han  bf-en  (itrried  □ 
n  Btetuitern  during  toguy  weather  hy  nieanit  of  tlieii 
If  livtween  luoomulivcH,  by  their  Meaiii  wlilstlos. 


rfoft 
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Hermetical  Heal.— 4uch  a  sealing  of  a  vemel,  deugned 
to  hold  a  vaoiiiim,  or  gaseous  atmosphere  under  pressures 
greatoi*  or  loss  than  tliat  of  the  atmosphere,  as  will  prevent 
eitlier  tho  enti*ance  of  the  external  atmosphere  into  the  vessel, 
or  tlie  es<*apo  of  the  contained  gas  into  the  atmosphere. 

Ilermeti<!:i1  sealing  may  be  aooomplished  cither  by  the  use 
of  Ruituble  cements,  or  by  the  direct  fusion  of  the  walls  of  the 
containing  vessel. 

IletcrofitaUc.— A  term  applied  by  Sir  William  Thomson 
to  au  olfH.'tronietcr  in  which  the  electriflcation  is  measured  by 
determining  the  attraction  exerted  by  the  charge  to  be 
measuHMl  and  that  of  an  opposite  charge  imparted  to  the  instru- 
ment by  a  source  independent  of  the  charge  to  be  measured. 

This  loriu  distinguishes  this  electrometer  from  an  idiostatic 
instrument,  or  one  in  which  the  measurement  is  effected  by 
determining  the  repulsion  between  the  charge  to  be  measured 
and  that  of  a  charge  of  the  same  sign  imparted  to  the  instru- 
ment from  an  independent  source.     (See  Electrometer,) 

IIIekM'  Aiitomalic  BuUon  Repeatcr.^See  Re- 
peater, TeleAjraphic), 

Holdcm  for  Brunlicii  of  Dynamo  Electric  Ma- 
eliines. — A  device  for  holding  the  collecting  brushes  of  a 
dynamo-electriij  machine.    (See  Dymuno-Electric  Machines.) 

Holders  for  Carbons  of  Are  Lamp.— (See  Lamp, 

Electric  Arc.) 

Holders  for  Safety  Fuie.— (See  Fuse,  Safety.) 

Hood  for  Eleetrle  Lamp. — A  hood  ))rovided  for  the 
double  purpose  of  protecting  the  body  of  an  electric  lamp 
from  rain  or  sun,  and  for  throwing  it,s  light  in  a  general 
downward  direction. 

Hoods  for  arc  lamps  are  generally  conical  in  shape. 

Horizontal  Component  of  Magnetism.    (See  Com- 
nent,  Horizontal,  of  Earth's  Magnetism.) 


WORDS,  TKRM8  AKD  PHRA8KS. 


31« 


'  or    Dy. 


nonM,    Folloivlng    anil    Lfadlns,  - 
ino-EiePlrlv  nHchinvit.— Tilt)  olpw  <»■  i<<i-iiiiiuLis  uf 
olo-picpes  o(  a  ilyniimo-olpclrio  m^'liini'  /nwii  <ir  tnwarda 
h  th«  ai'mntiii'o  is  nirricil  ilurin<;  i\a  rotation. 
k  According  to  B.  P.  Tlionipson,  Iht-  foltnanng  lutm*.  b,  d, 
.  S31.  arelhoNo  liiiFanlH  which  tho  ivrmatiire  is  earned  i 
n  Undittg  homg,  a,  e.  thiiM  from  wl^iich  it  ia  (Mirrietl. 

)  tha  utinngp  in  Uie  iiiiis^uolic  intenitfly  ia  more  Rudtlen 
n  the  nrmaluri-  \g  moved  from  the  pole  pieces,  aud  least 
n  moved  towards  them,  it  Is  ckarthutthc  leading  hornR  in 
liftmo-^leclric mnchini!,  and  tliefoDowing  horuKinnnelec- 


d  dltrJDg  rolalion 
'the  production  of 
~Hy  nimntn.  (See 
,    Ed'li/.    Dt/- 


'»■) 

Power.— 

I  eommerciul  nnll.  foi 
le  of  doing  irni-k, 


I-  foot 


IL  rale  of  doing  worlc  ec|iiiil  tu  S-l.OOO  pounda  i-i 

tr  minute,  or  Rj'.)  poiinda  roiacil  one  foot  por  Hecond. 

I  carefid  di^llnotion    tntist  hp  diiiwti  1>ctw>>en  Mvirfr  iinti 

The  Willie  amount  of  iPork  ifl  dony  In  raising   oni- 

d  through  ten  fcot,  whether  it  lie  done  in  one  niiniilo  nr 

«hotir.    The  pouvre-Tpenited,  or  the  rate  of  doing  irorJt 

■er,  <]nllc  dilTi-rent,  b«ing  in  the  former  oase  sixty 

alei'  Lhan  in  tlie  latter. 

B<Power,  Eledrlr '■  —  Such  n,  ni<«  of 

;  eled.ric  work  us  i»  eiiua.]  to  33,II(MI  rool'iHiiiinls  pi^r 
te,  01-  OM  [ooUpouiiils  per  second. 

it  OS  one  puund  of  water  misinl  through  a  verticiil  dis- 
foot  reiiiilres  the  ex|>end!tiii'e  of  u  fool-puuutl  of 
Leci>i//oiii(io(electrk'ityin'liu):  throii^th  Ihc  difftr- 
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ence  of  potential  of  one  vM  requires  a  certain  amount  of  woiic 
to  be  done  on  it.    (See  Coutowh,    Voit.  PateniiaL) 

Tliis  amount  is  called  a  vott-eonlomb  or  joule  and«  measured 
in  foot-pounds,  is  equal  to  .787834  foot-pounds.  The  volt- 
coulomb,  or  the  jouie,  is  therefore  the  unit  of  eieelrie  VH»rk, 
just  an  the  foot-pound  is  the  unit  of  meehanieal  work. 

The  electric  work  of  any  circuit  is  equal  to  the  product  of 
the  volts  by  the  coulombs. 

If  we  determine  the  rate  per  second  at  which  the  coulombs 
pass,  and  multiply  this  product  by  the  volts,  we  have  a 
quantity  which  represents  the  electrical  power,  or  rate  of 
doing  electrical  work.  But  one  ampere  is  equal  to  one 
coulomb  per  second;  therefore,  if  we  multiply  the  current  in 
ainpei*es  by  the  difTerence  of  potential  in  volts,  the  product  is 
equal  to  the  electrical  power  or  rate  of  doing  electrical  work. 

The  product  of  an  ampere  by  a  volt  is  called  a  volt-ampire, 
or  a  watt. 

One  Watt  —  .0013406  Horse-power,  or 

One  Horso-power  =  745.941  Watts. 

C  Ei 

Therefore  the  Electrical  Hor8e-|X)wer  =  -^ 


746    ' 

where  C  =  the  current  in  ani])^res,  and  E  =  the  difference  of 
potential  in  volts. 

Homealioe  Magnet.— A  magrnetized  bar  of  steel  or 
iron  bent  in  the  form  of  a  horseshoe,  or  lotter  U. 

A  compound  horseshoe  magnet  is  shown  in  Fig.  233.  It 
consists  of  separately  magnetis^eil  plates  placed  with  their 
similar  poles  together. 

A  hoi*seshoe  magnet  possesses  greater  portative  power  than 
a  straight  bar  mag^net.    (See  Portative  Potver,) 

(t)  Because  its  opposite  poles  are  nearer  together,  and 

(3)  Because  the  magnetic  resistance  of  its  cii*cuit  is  less,  the 
lines  of  magnetic  force  closing  through  the  armature,  and  thus 
concentrating  the  magnetic  attraction  on  the  armature. 

Electro-magnets  ai*e  generally  made  of  the  hoi*seshoe  shape. 


WORDS,TERli8  AND  PHIUSKS. 

Hamnn  Bod)-.  Electric  ReRliilance  of Tim 

I  eieetrit:  resislanri-  ofli^red  by  the  human  body. 

At'curute  ilnta  cu Deeming  the  reeietiuici;  of  the  hiuuan  body 
Kare  yet  to  bo  obtained. 

When  the  ole<:trodes  of  any  source  ai-e  applied  to  the  skin, 

■  Uie  resiRtanue  will  necessarily  vary  with  the  size  andpontion 

^(>f  U)e  coDta'^ts,  the  ntiture  ol  the  coa- 

,  the  eondition  both  of  Iha  vkin  _ 

d  the  eantaeta,  whether  dry  oi'  moist,  ^ 

Uid  (he  patfaologiL'al  or  other  condition 

Wot  the  portion  aeted  on. 

TIlG  chief  resistance  offered  by  the 
n  body  to  the  passage  of  an  elec- 
3  current  is  the  ikin.  It  may  be 
L8  a  protective  covering  so 
B  electriti  currents  are  coni*erned. 
The  body  ia  composed,  generally 
Mking,  of  solidR  and  liquids.  Tlii' 
fquida  offer  paths  of  less  resistanti; 
1  the  suHcLi.  The  blood  and  nerves 
■e  probably  the  best  conducting  media 
1  the  body.  The  miurUs  offer  a  fair 
hiding  path  from  the  quantity  of 
«  fluids  they  contain. 
■e  the  human  body,  like  Uiat  of 
Uaalmals,  iaitselfasourceof  electric 

t  is  jiossible  that  the  pafi-  ^-  **■ 

e  through  it  ol  a  current  gene  rated  from  without,  would  of 
wlf  greatly  alter  ita  electric  reaiatance. 
Wolfenden  found  tlie  resistance  in  fifty  healtliy  persons, 
unred  uniler  exactly  similar  conditions,  to  vary  from  4.000 
0  S,0(K>  ohms. 
Certain  diseased  contlitioos  of  Iha  body  appear  to  cause  a 
■rked  variation  in  what  may  perlkaps  be  regarded  as  a  uor- 
ilelwtriL^  resistanci;.  Charcot  mtulemeasiu'eTDunta  in  which 
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it  appears  that  the  resistance  fell  below  the  normal  in  obtain 
cardiac  affections,  and  in  Oravetf  DiseaaCf  Wolfenden  cor- 
roborates this,  and  in  eighteen  cases  of  undoubted  Graves' 
Disease  the  resistance  was  but  500  to  1,500  ohms.  In  eight  of 
these  it  was  less  than  1,000  ohms.  In  ordinary  goitre,  unlike 
Graves'  Disease  (Blxophthaimic  Chitre),  no  variation  of  the 
resistance  was  found.  In  a  case  of  malignant  thyroid  it  was 
as  high  as  8,000  ohms. 

In  some  cases  of  hemiplegia,  it  varied  from  1,800  to  4,000 
ohms.  In  some  of  epilepsy,  from  1,000  to  4,000.  In  three 
cases  of  cerebrcU  softening,  the  resistance  was  about  8,000  ohms 
and  in  one  case  of  paraplegia,  it  was  6,500  ohms,  and  in  one 
case  of  chorea  (adult),  350  ohms.    {Wolfenden,) 

Ilydr€>-Electrlc  Machine,  Armstrong's A 

machine  for  the  development  of  electricity  by  the  friction  of 
condensed  steam  passing"  over  a  water  surface. 

Steam  generated  in  a  suitable  boiler,  Fig.  233,  which  is 
insulated,  is  allowed  to  escape  through  a  tortuous  nozzle, 
from  a  series  of  apertures  opposite  a  pointed  comb,  attached 
to  an  insulated  conductor.  The  cooling  of  the  steam  during 
its  passage  through  a  flat  box,  termed  the  cooling  box, 
connected  with  the  nozzles,  raiises  a  partial  condensation,  so 
that  the  box  always  contains  a  small  quantity  of  water. 

The  friction  of  the  drops  of  water  against  the  orifice  and 
possibly  their  friction  against  the  water  surface  itself  are  the 
cause  of  the  electricity. 

A  conductor  connected  with  the  pointed  comb  furnishes 
positive  electricity.  The  boiler  furnishes  negative  electricity. 
The  hydro-electric  machine  is  not  a  very  economical  source  of 
electricity,  and  is  only  employed  for  experimental  purposes. 
It  was  discovered  accidentally  through  a  shock  given  to  an 
engineer,  who  placed  his  hand  in  a  jet  of  steam  escaping  from 
a  leaking  boiler  he  was  endeavoring  to  mend.  The  causes 
were  first  studied  by  Mr.,  now  Sir  Wm.,  Armstrong,  who,  in 
1840,  devised  the  apparatus  just  described. 


WORDS,  TERMS  Am>  PSHAfiEB. 


r  Hrdromeier  or   Areometer.— Aq  Hpparatus  for  <le- 
brmining  the  siiecillc  gravity  "t  liciuids.     (Spp  Arfomrter.) 


I  IBfdroiniiinictcr,  Electric Antli'i- 

lUy  opi?rat<'ii  n|i|uiriilus  diiaigneil  tn  show  at »  distince  thi> 
t  pooition  uf  any  w:ilt-r  ii-vd, 
BmOBt  fontiau  flottl  phici>d  in  tlio  liquid  itnd  coiid(i(-I.<.-(I 
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with  an  electric  circuit,  breaks  this  circuit,  and,  at  intervals, 
sends  i>ositive  impulses  into  the  line  when  rising*,  and  negative 
impulses  when  falling.  These  are  registered  by  means  of  an 
index  movod  by  a  step-by-step  motion,  positive  currents 
moving  it  in  one  direction,  and  negative  currents  moving 
it  in  the  opposite  direction. 

Hygrometer.— An  apparatus  for  determining  the  amount 
of  moisture  in  the  air. 

Hypotlieiilft. — A  provisional  assumption  of  facts  or 
causes,  the  real  nature  of  which  is  unknown,  made  for  the 
purpose  of  studying  the  effects  of  such  causes. 

A  theory  is  a  nion»orloss  accui-at«^  ox|)n.\ssion  of  some  phys- 
ical truth  wliit'h  has  been  deduceil  from  independently  derived 
laws  and  priiiciplos. 

Our  notions  toiu't'rnin^  the  caust»s  of  elci'tricity  have,  in 
reality.  «>nly  roaclu'il  the  stage  of  hyjMthettes;  they  cannot 
yet  he  properly  considered  as  having  attained  the  dignity  of 
theories. 

Hj-potheMA,    Double   Fluid   Electric (See 

Double  Fluid  Eleetric  H ypi.)the8i8.) 

Ilypotlienliii,  Single  Fluid  Electric (See  Single 

Fluid  Electric  Hypothesis,) 

HypMometcr, — An  apparatus  for  determining  the  eleva- 
tion of  a  mountain  or  other  place,  by  obtaining  the  exact  teni- 
peiiituro  at  which  water  boils  at  sucli  elevation. 

The  use  of  a  thermometer  to  measure  the  height  of  a  moun- 
tain or  other  elevation  is  basoil  on  the  fact  that  a  given  de- 
crease in  the  t^'mperature  of  the  boiling  point  of  water  inva- 
riably attends  a  given  decrease  in  the  atmospheric  pressure. 
Therefore,  as  the  observer  gt)es  further  above  the  level  of  the 
»ea,  the  boiling  point  of  water  becomes  lower,  and  from  this 
decrease,  the  lieight  of  the  mountain  or  other  elevation  may 
1^  calculated.     . 


VrOKM,  tSttUS  jM>  M&asKs.  SSS 

Idlo-Eleclrloi.— A  nanw  (ovinerly  iippli&i  to  sticli  liwiies 
H  tuubur,  rosins.  glusK,  cU.,  wliicli  are  i'i?;(.dily  clecli'ineil  bj 
ti  Mul  which  were  then  supposed  to  be  electric  in  theni- 


(  Tllis  (listinctioa  was  based  on  an  erroDeous  conception,  and 

e  word  is  now  absolele. 
[,  IdiOAtatiC— A  toL-m  employed  by  Sir  Wni.  Thomson,  to 
bsignOite  an  electrouiet'^r  in  which  tlie  measure  men  I  in 
net^lMl  by  detej-mining  the  ivpulNiim  bctwuc^ii  the  chilrgt^  lu 
■  measured  anil  that  of  a  chiu'ge  of  the  siuue  sign  fiii[ukrted 
p  Uie  itietninient  from  an  independent  source.  [Seo  Hetero- 
ftitic.) 

I  Igniter,  JnAloolikoflT A  soiaII  strip  of  carbon, 

pOftriwlUU^eous  pastf  of  readily  ignitable  nmlerialj  phiced  at 

9  froB  ends  of  the  psimllid  cufljons  of  a  JablocUkoff  candle, 

«  establishment  of  the  ivrc  on  the  pussu^  of  the  ourrenL 

>  iffiuttr  in  necessary  in  the  Jabloehkoff  elecU-ic  candle, 

i  ihe  parallel  carbons  are  J-i|fiTlIy  kept  at  a  constuut 

B  Hpart  by   the  insulating  material   plac-i^d  between 

1,  find  cunnot  therefore  he  moved  together  as  in  the  iv-kse 

of  the  ordinary  lamp.    (See  Candle,  JitMochkoff.) 

Ignition,  Elcetrfc The  ignition  of  ai'omlms- 

tlblc  luatei'ial  by  heat  of  elentrio  origin. 
~^Tlie  electi-ic  ignition  of  wires  is  guaurully  accomplished  by 
trie  ineanileiiixiice.      Ignition   inuy  bo   a.ccomptished    liy 
e  heatot  the  voltaic  arc.     (See  Heat.  Electric.     Purnnef, 

to.) 

EThn  ignition  of  combustible  gOHes  h  accomplished  by  Uio 
tt  of  tiiB  elitctric  s[)ark.     (See  Biimir,  Autoinulic  Ehvtric.) 

,  Arlinclul The  employment 

s  of  ligiit  to  rendei-  objects  visible. 
L  good  nrtiduiul  ilhimiuanl  shoiUd  jiossess  the  following 

(1)  ttriioutd  j,'ivB  It  f/cijcrnf  iii"  unif'irn  Uliiminatiim  as  itis- 
dthod  from  sliuriily  niai'keil  I'e^lon.s  of  hghl  hikI  ihadow. 


aa*  A.  MCTBKAKT  OT  nAjnUCAJ. 

Tf  ^^  «bA.  a  «^^b*r  (4  «x»U  lights  well  distribute*!  are  pre- 

t'3>  hjlhwaU  -■■-■■  A  >■■  I  jy  iighl.  Mi/ona  in  t(a  briUtann/. 
a»  ibKi^ruk^  '  ..  ^  t*.>kvnn^.  unsteady  lig'ht.  Siiild«>ii 
i,-^i>a^<r» i>  tb<       ■■.■-.'.:■■  .^I  aUjcfai  ir'-kr«  lh«  eyes  and  prevent 

t,$^  It  shouk^  tx  tramamifoL  «c  not  CQ 

v4i  It  ^'hixUd  Np  uA.  ae  EK>t  Uk«lj 
pi»(>Mtv.     Ti:  '.'.M-  tTi:--nT  it  sbould.  if  possible,  be  inclosed  in 
orsurrouD^n  ,     .j '.  m  or  krbombcr  uf  some  iacombustiblo 

Hakl«n«tl.  !»Dd  ;--!-Abty  be  lighted  »t  a  distance. 

(51  It  shiHil'  rf  B.triiiHJi  fMimi-n  or  vapors,  when  in 

usi^.iKirshou..:  .*.  ..- ■.■■^>lwi>r  t^r  iiir»r  ihpspaccit  illuiuincs. 
(6*  It   shou''i  1-^  r^!iil4r.   or   nt»l   apt   to   be   unexpectedly 
extingishied  vrb«i  onc«  lighted. 

The  I'laiuta  ot  tb^  el^otrio  incandescent  lamp  aa  a  cheap 
sate,  rii'liiible  and  steady,  artificial  illuminant,  will  be  evident 
if  thes^  points  are  examined  seriatim,  vtz.: 

\l^  The  int-andescent  light  is  capable  ot  great  sub-division, 
and  i*;in  tbeivtoiv  produce  n  unitorni  illumination. 

(->)  It  is  steady  and  tree  from  sudden  changes  in  Its  intensity. 
(31  It  <-ompares  favorably  in  )ioint  ot  economy  with  coal  oil 
orga-s. 

(41  It  is  saler  than  any  known  illuminant,  since  it  can  be 
entirelv  inclosed  and  can  be  lighted  from  a  distance,  or  at  the 
burnev,  without  the  use  of  the  dangerous  friction  match. 

Tiie  leads,  however,  must  be  carefully  iuHiilated  and  pro- 
tected by  s(i/e(y/H«es.     (See  Fuse.  Sa/ffff-l 

(5)  It  givea  off  no  gases,  and  produces  far  less  heat  than  a 
gas  burner  ot  the  same  candle  power. 

It  perplexes  many  people  to  understand  why  the  incandes- 
cent electric  light  should  not  heat  the  air  ot  a  room  as  much 
as  a  gas  light,  since  it  is  quite  as  hot  as  the  gas  light.  It 
must  be  remembered,  however,  that  a  gas  burner,  when 
lighted,  not  only  permits  the  same  quantity  of  gas  to  enter 


which  would  jiosb  if  the  gas  were  simply  turned  on 
not  lighted,  but  that  UiiB  bulk  of  gas  Is  still  given  off,  aod 
even  coneiderablj  increased,  by  the  combination  of  the  illu- 
inating  goa  with  the  oxygen  of  tlie  atmosphere,  and  which 
treover,  it  is  given  otf  as  highly  heated  gases.  8uoh  gasea 
i  entirely  absent  in  Uie  incandescent  electric  light,  ivnd  cun- 
(Uently  its  power  of  heating  the  surrounding  air  is  much 
s  than  that  of  gas  lights. 

(8)  It  is  quit«  reliable  and  will  continue  to  burn  an  long  us 
current  is  supplied  to  it. 

Illumhiatloii,    LIgbt  Houkc Clet-lrlc— iSee 

'4gM  Houae  IHuminaiion,  Electric), 

IHnmllinUoil,  ITnIt  of ■ A  standard  of  illumina- 

lon  proposed  by  Preece,  eiiual  to  the  illumination  on  a  but. 
ICC  such  a«  a  slre^l.  given  by  a  standard  candle  ut  the  dis- 

of  13.7  ini'hea. 

According  to  Pret'ce,  the  illumination  for  the  average  streets 

f  Ijondon,  whei-cgus  is  employed,  is  equal  to  about  one-tenth 

&|b  standard,  in  the  neighborhood  of  a  gas  lamp,  and  about 

tK-dftielh,  in  the  middle  space  between  two  lamps. 

The  term,  unit  tif  illumination,  in  place  of  the  intentily  of 

\gM,  was  proposed  by  Pi*ece,  in  order  to  avoid  the  very 

difficulty  in  determining  the  intensity  of  a  light  in  a 

Bet  or  space   where  there   were  u  number  of    kmiinous 

mat,  and  where  the  direi'tiona  of  incidence  of  the  difTei«nt 

kto  vary  so  gi-eatly. 

A  cwel  standard  at  the  distance  of  a  mr.tre  will  illumine 
surface  to  the  same  intensity  of  illumiiuitlon  b»  a  standard 
lie  at  the  distance  of  12.7  inches. 

■■■»,   Eleclrto A  terra  sometimes  applied  to 

charge  produced  in   h  neighboring  surface  by  induction 
n  a,  known  charge. 
A  positive  charge  produces  by  indiictinn,  in  a  lint  nietalllo 
it.  a  negulivo  charge  which  is  diHtribiited  with 
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varying  density  over  thesiirfuoe,  butactselectricftUyas  wroulii 
an  equal  quantity  of  uagativo  electricity  placed  buck  of  the 
plate,  at  the  BiLQiedistaQue  the  positive  cliar^  is  in  Iront  of  il. 
The  correspond GDce  of  this  chiu'ge  with  the  iuiagv  of  an 
object  seen  in  a,  plane  mirror  has  led  to  the  term  electrical 
image. 

Maxwell  deBnes  electric  image  as  follows:  "An electric 
image  is  an  electrified  point,  or  Bystem  of  points,  on  one  side  of  a 
surface,  which  would  produce  on  the  other  side  of  that  snr&ce 
the  same  electrical  action  which  the  actual  electrification  of 
that  surface  really  does  produce." 

Imponderable,— Tliat  which  possesses  no  weight. 

A  term  formerly  applied  to  the  luminiferous  or  universal 
ether,  but  now  generally  abandoned.  It  ia  very  questionable 
whether  it  ia  possible  for  any  form  of  matter  to  be  actuall.v 
imponderable,  or  to  possess  no  attraction  for  other  matter 

An  imponderable  fluid,  as  for  example  the  universal  ether, 
as  the  term  is  now  generally  employed,  h  a  fluid  whose 
weight  is  comparatively  small  and  insigniflcant,  and  not  a 
fluid,  an  indellnite  quantity  of  which  would  be  entirely  devoid 
of  weight. 

IncBDdeioence,  Electric The  electric 

heating  of  a  substance,  generally  a  solid,  to  luminosity. 

Electric  incandescence  of  solid  substances  diflers  from 
ordinary  incandesc^'nce,  in  the  fact  that  unless  the  sub- 
stance is  electi'ically  homogeneous  throughout,  the  tempera- 
ture is  not  uniform  in  all  parts,  but  is  liighest  in  those  por- 
tions where  the  resistance  is  highest  and  tlie  radiation  small- 
est.  The  deposition  of  carbon  in  and  on  a  carbon  conductor 
by  the  Jtaahing  proeeas  is  quite  different  as  performed  by 
electrical  incandescence,  than  it  would  be  if  the  carbons  were 
heated  by  ordinary  furnace  or  other  heat.  [See  Flaahing  of 
Carbona.) 

Inclination  Compass,  or  Inclinometer,— A  mag- 
netic needle  so  arranged  as  to  readily  permit  the  measarement 
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f «f  flie  mafrnctic  dip  nt  auy  [ilttte.     |See  Dipinng  Circle  or  In- 
1  elinatitm  Cojnpiimi.i 

Inclinalioii,  n«sn«>tlc —{See  Magnetic  tnclina- 

In  ell  nut  Ion  .llait  or  Chiu^.^A  djurt  or  map  on  which 
I  linea  tire  dntwn  shuwing  the  lines  ot  eqiiol  ilip  or  incliimtiDii, 
f  or  the  isoclinic  lines. 

Aa  i$K)linalion  ehart  is  shown  in  Fig  SM. 

It  will  be  seen  that  tlie  niagnetie  equator,  or  line  of  no  ilip, 
f  .does  not  Corres[Kin(l  witli  the  geogmphicul  equator,  being 
VgenenkUy  noi'th  u[  the  equator  in  the  eastern  hemis[ihere.  and 
K-Kiuth  of  it  in  the  western.  The  flgiirosi  attached  to  the  lineii 
I  Indicate  the  vajui-  of  the  angle  of  dip, 

Incilnallon  or  Dip  of  Mngnvtlr  Needle.— Tlio 
I  deviation  of  tin  evenly  weighted  magnetic  needle  from  a 
1  lioriRontal  position. 

The  direction  of  a  nia^etic  needle  in  all  ports  of  the  earth, 
B  except  at  the  magnetic  ei]Ualor,  differs  from  u  level  or  liori- 
l-Sontikl  position.  One  of  ils  ends  inclmes  or  dipa  towards  the 
I  ground.    (See  Dijt,  Magnetic.    Dipjting  Needle.) 

Indllt  Rubber.— A  resinous  substunce  obtained  from 
I  Uk!  milky  j<iice»  of  several  Iropiiuil  trees. 

India  rubber  is  ipiite  ehuiUc  and  posMesses  high  powers  of 

I  electric    insulntioii.     When    rulcanizpd    or   combined    wiUi 

I  nilpliur,  Ibslill  retains  its  powei-s  of  elei.-ti-ic  insulation  in  ft  high 

I  degree.    In  this  slate  it  is  readily  eleutriHed  by  friction.    <Bee 

Caifiitrhoiic). 

Inilleuliiiit  UkII.— (See  Bril.  ImUcatinfj.) 

IndirHlon,  Eiretiie Vnrioiw  devices,  generally 

operiLtvd  by  tliu  delluution  of  a  mu.;^ni-ti(?  needle,  or  (hi!  ring' 

.    ing  uf  d  bell,  or  both,  for  mdic:utmg  ut  some  distant  iMdnt  riie 

ismdition  of  an  electric  circuit,  the  strength  of  furreut  that  is 

F  n<iwliiirtlirDiigh  It,  the  height  of  water  or  other  liquid,  Uis 

f   pre-wilrc  on  n  hoili-r,  IIim   fcmpt'nllilri'.  dii"  >cpei'il 


m 
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williin  llip  tleUl  of  llie  Indui^log  current.     (See  Self-lnductioti. 
Mutval  Induction.     Current*,  Extra.) 

{%)  By  using  au  inducing  field  o(  practionUy  iinnirying  ] 
intensity,  and  varying  the  niinihei-  of  liniw  of  magnetic  force  I 
thul  pass  through  a  conductor,  by  moving  theconduetor  J 
through  the  inducuig  field  so  as  to  out  its  lines  at  force, 

Or,  the  conductor  remaining  llxr-d  in  position,  the  inducing  I 
Held  is  moved  pust  the  conductor  by  moving  the  elctHro-mag-  * 
net,  or  electric  circuit,  or  permanent  niixg:net  producing  th«  I 
tlnld, 

KlBctro-dynaraic  induction,  thei-etoi-e,  includes. 

(t)  Self-induction. 

(S)  Jiliitual  Induction,  or,  us  it  is  sometimes  called,  Voltaic  | 
'«'  Cun-uiit  IniluoUon. 

(8)  Eleclro-Miignetif  Induction,  or  Dynanio-Elertrio  Indoc-  | 

(4)  Magnelo-Ek'cti'ic  Indnctloa, 
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the  jtrinuiTS.  as  is  shown  liy  Urn  direction  of  (lellcctioii  of  liic 
necillo  of  Iho  jpilvanotiiietcr. 

{2)  At  lliH  inoRienl  or  brealdn)?  tlie  circuit  tln'ougli  the 
jirirnikry  L-oil  an  iniluc-«d  currunt  iit  proiluued  in  the  secondary 
poil  in  tlic  mme  direrfinn  aa  IhatJIoufing  thrwtgh  the  primar]/ 
coil. 

(3)  These  induceil  ciirreDta  are  monientnrj',  and  only  con- 
tinue in  lhi?second«ry  while  the  intensity  'if  Ilie  current  in 
llie  primary  IB  varying,  i.e.,  while  varialions  are  ow.Tirring'  in 
the  strength  of  the  magnetic  Held  in  which  tlie  secondary  coil 
tepia.H.,1. 

If,  tor  instance,  when  the  iriirrent  is  established  in  the 
priniary  ixiil,  tind  no  current  exists  in  the  Hei<onitary,  the 
int^neily  or  llie  current  in  the  prrmHry  b«  varied  liy  establish- 
ing a  Hhunl  ctrritit  acrowt  tlie  battery  tcrminalB.  aa  by  placing  a 
abort  wire  d.  Fit;.  ^iM,inthe  mercury  cups  g,  g,  thus  decreas- 
ing tho  intensitj'  of  the  cuiTEnt  in  the  primary,  an  indiieed 
current  will  bo  set  up  in  the  secondary  circuit  in  the  anme 
direction  as  tlie  primary  current. 
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within  the  fleW  of  the  imludnK  current.  (See  Self-induction. 
Mutual  Indue!  iun.     Currenta,  Extra.) 

(3)  By  usiD{,'  an  inducing  field  of  practically  unvarying 
intensity,  and  vaiying-  the  number  of  lines  of  magnetic  force 
that  pass  thiMugli  a  conductor,  by  moving  tJie  conductor 
through  the  inducing  field  so  as  to  cut  its  lines  of  force. 

Or,  the  conductor  raouuning  fixed  in  position,  the  inducing 
field  is  moved  past  the  conductor  by  moving  the  electro-mag- 
net, or  electric  circuit,  or  permanent  magnet  producing  tlie 
field. 

Glectro-dynamio  induction,  therefore,  includes. 

(1)  Self-induction. 

(2)  Mutual  Induction,  or,  as  it  is  sometimes  called,  Yoltaio 
or  Current  Induction. 

(3)  Electro-Magnetic  Induction,  or  Dynamo-Electric  Induc- 

(4)  Mognelo-Electric  luduction. 


The  coil  B,  Fig.  235,  consists  of  two  parallel  coils  of  insu- 
lated wire,  the  terminals  of  one  of  which,  called  tlio  primary 
coil,  are  connected  with  the  battcrj-  cell  P  N,  and  those  of  the 
other,  culled  the  secondary  coil,  with  the  galvanometer  G. 

Under  these  circumstances  it  is  found: 

(1)  That  at  the  moment  of  closing  the  circuit,  through  the 
primary  coil,  a  niomenlary  current  is  produced  in  the  second- 
iry  coil  in  a  direction  opposite  to  that  of  Ike  current  through 
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tkr  ]>riviiii-!/,  as  is  shown  Ijy  the  tlircctjon  ol  (lellectioiu>r  {lie 
iieedln  ut  tliu  gnivani)iiiiili>r. 

(2)  At  the  momenl  of  breoldng  the  circuit  through  the 
primary  coil  an  induced  current  is  proJuced  in  the  sMundnry 
coil  in  the  «fltii«  direetton  aa  ikatflmcing  through  thepriituiri/ 
noil. 

(3)  These  induceil  currents  are  momentary,  and  only  con 
UniK!  in  tlii>  secondary  ivhUe  tlie  intensify  of  the  current  ii 
the  primary  is  varying,  i.t.,  while  variatlone  ai-e  ocwirring  ii 
the  strength  ot  the  magnotic  flelil  iu  which  tlie  seoondarj'  coil 

If,  tor  instance,  when  tlie  current  is  fstoblished  in  ' 
priniary  ixiil,  and  no  current  eidsta  in  the  eec-onilary,  the 
intenaity  of  the  cui'rent  in  Ilie  primiiry  be  varied  by  establiHb- 
ing  a  »huHt  rircuit  across  the  batt«ry  terminalB,  tu  by  placing  a 
short  wire  <l.  Fig.  236,  in  the  mercury  cujw  g,  g,  thus  decreas- 
ing the  intensity  of  the  current  in  the  primary,  an  induced 
current  will  lie  set  up  in  the  seconilary  circuit  in  the  sa 
diret^ou  tta  the  primary  current. 


From  ail  i>(  these  |>hi:aomeiut  we  see  tlial  a: 
rent  in  a  rantluclor  produces  In  a  neightinring  nonduclor  u 
induotd  inrt!ni-  current,  or  one  In  the  opponite  dirrrtion  to 
tlur  indueirif/  current,  while  a  dfcrvaaa  o(  such  current  pro- 
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"luces  a,  direct  huiucrd  current,  or  one  in  the  same  direetion 
a»  Ike  iiiilueing  curreat. 

If  the  in(Uiclion<x)ilbeiuiule,  as  in  Fig-  S87,  with  its  primary 
coil  movBbJe  into  and  out  nf  the  secondary  uoil,  then  the  fol- 
lowing phenomena  will  occur: 

(1)  When  the  primary  coil  is  moved  towarda  the  secondary 
ooil  an  tmvrge  current  is  induced  in  the  secondary,  and, 

(2)  When  the  primary  coil  is  moved  aw.iy  from  the  eeoond- 
ary  coil  »  iliirrt  .■lu-rpnt  is  ir.iUir  ed  in  Un-  scoondary. 

Theitiiivi-ini'iils  of  |">rni,'uiiiif  iiuiu'ii>l-i  tuwards  or  from  tt 
coil  will  sJbo  produce  an  induced  current. 

If,  for  example,  the  apparatus  be  arranged,  as  in  Fig.  238, 
then: 


(I)  Amotion  of  the  magnet  towards  the  coil  |)roduceB  a° 
induced  current  in  the  coil  in  one  direction,  and 

(3)  Its  motion  away  from  the  iia»S°et  produces  an  induO^* 
ourreat  io  tha  ooil  ia  the  opposite  direction. 
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These  induced  currents  are  respectively  invent  and  direct 
as  compared  with  tliedirectioiioftheampdriancurreutB  which 
are  anHumGd  to  produce  the  tnognetio  poles  of  pemuuient  mag- 
nets, or  of  the  currents  that  actually  produce  electro  ma^eta. 
(See  Magnetigm,  Ampirt't  Theorj/.) 

Indnctton,  Electro-SIasiieUc (See  IndvetioH 

Electro-Dynamic.) 
These  tacts  may  be  expressed  by  the  following-  laws : 
(1)  Any  decrease  in  the  number  of  lines  of  force  which  pass 
thruug-h  a  circuit  produces  a  direct  current  in  that  circuit, 
while  any  inereate  in  the  number  of  such  lines  of  force  which 
pass  through  any  circuit  produces  an  inverse  current  in  that 
circuit. 


Fig.  338. 

(2)  Th<!  in<luocd  current  luts  an  intensity,  or  more  correcUy, 

■the  differences  of  jiotenlial  produced  are  proportional  to  the 

rate  of  increase  or  decrease  of  lines  of  force  pamiiig  throu^ 

Uie  circuit. 

Any  conductor  therefore,  when  moved  through  a  num^atia 
Held  BO  as  to  cut  the  lines  of  magnetio  foroe,  will  have  & 
current  produced  in  it  by  induction. 


'  ELKcraicAi. 

A  almpla  but  eSedive  maaner  of  roinsiubering  the  direction 
of  Buch  currenla  ia  tliat  proposi-il  by  Fleming'. 

If  the  liand  be  held  with  thi;  Angers  extended,  as  in  Fig.  330, 
andthedireotlanal  the/orejtnger  represent  the  positive  Jirec- 
tion  of  the  Hues  of  force,  i.  e.,  those  coming  out  of  the  N.  pole 
of  amagnet,  tiicQ,  if  a  wire  or  other  conductor  be  moved  in 
the  direction  in  whicti  the  thumb  points,  bo  ea  to  cut  these 
lines  of  force  nl  I'igbt  angles,  tliat  is  if  the  Minductor  ha,ve  its 
length  moveil  ilireetly  across  these  lines,  it  will  have  an 
induced  current  dpvelopcil  in  it  m  (hp  dirpi-tmn  in  which  the 
middle  finger  poittta.  (^wt  Direction  of  Lines  of  Force). 
Or,  the  same  thing  t 
perhaps,  be  even  more 
readily  renioinhered  by  cut- 
ting a  piece  of  paper  in  the 
shape  shinvii  in  Fig.  240, 
marking  it  as  tihown,  and 
then  bending  the  arm  ! 
upwards  at  the  dotted  lin 
so  as  to  form  three  axes  at 
pr.ra^  right    angles    to    on< 


As  has  been  already  i 
marked,  a  differenceof 
potential  is  produced  by 
the  motion  o(  a  conductor 
through  a  magnetic  field  so 
as  to  cut  its  lines  of  force, 
and  not  a  current 

It  can  be  shown  tliat  in 
order  to  generate  a  differ- 
ence of  potential    of   one 

'" volt,  100,0(W,000    c.    a.  8. 

lines  of  force  must  be  cut  per  second. 

In  electro-magnetic  induction  the  induced  current  is  pro- 
duced by  the  energy  absorbed  by  moving  the  conductor  through 
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e  fleld.   Lenz  has  alion-u  tbat  in  oii  cases  ol  elect ro-magnetic 
Uiluctioii,  pi'oduced  by  the  moveDii.>nt  i^ither  of  the  circuit  or 
1  lan^net.  the  currept  induced  in 
IcuU  ism  such  adirectiui 
ife  iL  iiiagni^t  pole  whicli  would  w  3  i 
d  to  oppose  the  inotiou.  '    " 

For  mutual  attmclion  und  repulHion  r  "^ 
e  Ehctro-Dynnmics.  |  £ 

Induction,  ElectroRtatlc 

— Tha  production  of  an  electri 
in  a  conductor  bi-ought  into  a 
Meet  roata  tie  field. 


'  lr  tlie  insulated  cooductoi-  A  B,  Fig.  | 
1,  be  brought  into  the  poHilive  elec-  g 
Dstaticfleldof  the  insulated  (.'otiductor 


A  chiirge  will  be  produced  on  A  "^'  ***" 

%  Will  be  milicated  by  the  divergence  at  Uio   pith  balls. 
Tins  charge  is  negative  at  the  end  A,  nearest  C,  and 
ositivn  lit  the  end  C,  furthest  from  B,  as  can  be  fliiowu  by  an 
^trtruivopf.     (See  Elrctroacopt.) 


1  (3)ThnchargniatAniidB,araniiittlI<i(>aehothev;  for.Utho 
idnctor  A  B,  b'-  retuovwl  from  the  Held  of  C.  without  toucli- 
^  ll,  tliH  upiJOTilo  oliiirp")  completely  neutralise  each  othar, 
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(4)  If,  however,  the  conductor  A  B,  be  touched  at  any 
place  by  a  conductor  connected  with  the  earth,  it  will  lose  its 
positive  charge,  and  will  remain  negatively  charged  when 
i*emoved  from  the  field  of  C.  It  is  in  this  manner  that  the 
electrojthorus  is  cliarged.     (See  ElectropJwrus,) 

(5)  The  amount  of  tlie  charges  produced  in  the  conductor, 
A  B,  can  never  be  greater  than  that  in  tlic  inducing  body  C. 

That  is  to  say,  the  n^g^tive 

electricity  at  A,  may  be 

sufficient  in  amount  to 

neutralize  the  poHitivc 

charge  on  C,  if  allowed  to 

do  so.    In  i>oiut  of  fact  the 

charge  induced  is  less  in 

amount  than  the  inducing 

charge,   according  to   the 

^ff'  -^-  distance  between  C  and  A, 

and  the  nature  ami  condition  of  the  medium  whicli  separates 

them. 

The  attractions  of  light  bodies  by  charged  surfaces  is  due  to 
the  opposite  charge  produced  on  those  parts  of  the  Hglit  bodies 
that  are  nearest  the  charged  body. 

The  pith  ball  B,  Fig.  242,  susj)cndedby  asilkthreail  between 
an  insulated  positively  charged  conductor  A,  and  the  unin- 
sulated conductor  C,  will  receive  by  induction  a  negative 
charge  on  the  side  nearest  to  A,  and  a  positive  charge  on  tlie 
side  nearest  to  C.  It  is  therefore  attracted  to  A,  where,  re- 
ceiving a  i)ositive  charge,  it  is  repelled  to  C,  where  it  is  dis- 
charged and  again  assumes  a  vertical  position.  Induction 
again  occurs,  and  consequent  attraction  and  repulsion.  These 
movements  follow  one  another  so  long  as  a  sufficient  charge 
remains  in  A. 

Induction  Collti. — Pai*allel  coils  of  insulated  wire  em- 
ployed for  the  production  of  currents  by  electro-ma gnetie  tn- 
duction,    (See  Induction,  Electro-Magnetic.) 


WOROS,  TCKMS  AXD  FRKASBft. 

A  i-upiilly  iiiloiTiiptcd  buttery  cuiTent  sent  tliroiigli  i 
wire  iaIImI  the  primary  eoit,  loducus  intyrmiltonl  ■  in- 
El  coil  of  wii'u  colled  tlie  aeeondnry  coil. 


m\ 


i 


As  tiDi^tnroiv  niodn,  the  primary  coll  nnnxtsU   of    a  fov 
liirns  o(  a  Ihii'k  wit'c,  untl  the  aetMOilaiy  coil  of  many  turns, 
•  'Ttun  tlioiutandB,  urilni  wira.    Such  cuils  &re generally  cuJIud   i 
Jiuhmkorff  CoiU,  from  the  nunie  of  ii  cL'lebrutcd  niutiudiuluruF  \ 
of  lh.-ni. 

In  tht!  form  of  RiilmikorlT  raU,  ahowu  in  Pig.  248,  tlie  p 
inury  wir«  la  wound  im  a  (Mta  fomieil  of  soft  iron  wires,  lind  j 
itseniU  iH'DU^htoutivtshowtiut/,/".   The  fine  wire  is  wrupped  | 
ftpouiul  un  uisulaled  t^yhnder  of  vulcauito,  or  glass,  Hui'round-  \ 
inj:  thu  pnmury  coiL    This  wire  is  voi-y  Ihin,  anil  in  st 
I'oiliis  over  <inn hundred  inilia  in  length. 

Tlio  oniU  of  th«i  soci>ndiiry  roil  !»re  conniH;ted  to  the  In 
Uvtod  plllura  A  iind  B. 

Tho  prinmry  current  is  rapidly  broken  by  meons  of  ye 
mry  break,  shown  ut  L,  and  ^f, 
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The  commutator,  shown  to  the  right  and  front  of  the  hase, 
is  provided  for  the  purpose  of  cutting  off  the  current  through 
the  primary,  or  for  changing  its  direction.  When  a  battery 
which  produces  a  comparatively  large  current  of  but  a  few  volts 
electro-motive  force,  is  connected  with  the  primary,  and  its 
current  rapidly  interrupted,  a  torrent  of  sparks  will  pass  be- 
tween A  and  B,  having  an  electro-motive  force  of  many  thou- 
sands of  volts. 

In  such  cases,  excepting  losses  during  conversion,  the  energy 
in  the  primary  current,  or  G  E,  is  equal  to  the  energy  in  the 
secondary  current,  or  C  E'.  As  much  therefore  as  E',  the 
electro-motive  force  of  the  secondary  current  exceeds  E,  the 
electro-motive  force  of  the  primary  current,  the  current 
strength  C,  of  the  secondary  will  be  less  than  the  current 
strength  C,  of  the  primary.  (See  Converter j  or  Trans- 
former,) 

Fig.  244,  shows  diagramatically  the  arrangement  and  (.'on- 
nection  of  the  different  parts  of  an  induction  coil. 

The  core  I,  I'  consists  of  a  bundle  of  soft  iron  wires,  eacli  of 
which  is  covered  with  a  thin  insulating  layer  of  varnish  or  ox- 
ide. A  primary  wire  P,  P,  consisting  of  a  few  turns  of  com- 
paratively thick  wire  is  wound  around  the  core,  and  a  greater 
length  of  thin  wire  S,  S,  is  wound  upon  the  primary.  This  is 
called  the  secondary.  So  as  not  to  confuse  the  details  of  the 
figure  it  is  represented  as  a  few  turns. 

The  ends  of  the  battery  B  are  connected  to  the  primary 
wire,  through  tlie  automatic  interrupter,  in  the  manner  shown. 
It  will  be  seen  that  the  attraction  of  the  core  1 1',  for  the  vi- 
brating armature  H,  will  break  contact  at  the  point  r>,  and 
cause  a  continued  interruption  of  the  battery  current. 

The  condenser  C,  C,  is  connected  as  shown.  It  acts  to  di- 
minish the  sparking  at  the  contact  points  on  breaking  contact, 
and  thus,  by  making  the  batteiy  current  more  sudden,  to  con- 
sequently make  its  inductive  action  ^eaten 


\ 
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-  lndu«linn  Colls,  Invrrled  Convert 

,  Tranarormvnt. — An  inverted  iaituotion  coil  in  an  in- 
on  coil  in  which  Iho  primarg  coil  is  mujle  of  a.  long,  thin 
^Vrire,  anil  tiie  Mcondary  citil  o(  ii  nhnrt,  thirk  wire. 


'  Sy  the  Hue  of  nn  inv«rt«il  coit,  ii  current  of  high  electroiiio- 
iHvn  force  unil  coniparativelj-  small  currimt  strength,  t.  e..  bin 
if  few  ampfrtm.  is  eonvirrlM  or  (riimt/ViPTiii-ti  into  a  current  of 
tnpnrotivnty  small  electromotivn  torce  and  large  i^iirrout 
trengtb.  For  Ih^  advantages  of  this  see  Syntcm  of  Dia- 
tbittion  bg  AltfmatiTig  Carrents. 

Invi-rtod  indudiou  coils  are  oallod  eonrerttn  or  tranafor- 
mtr..    {Convn'kr  ^r  Tr<m«f.>r»K-r.) 


luduf  lion.  I^trml  - 


ISee  Lnlentl  Induction.) 


Indui-llwn,  IHuKncUr Tho  j>ro<liictioi 

itinm  in  It  mngn»lixahli?>iii1n<lAnc«  iiy  bringing  It  Into  a  n 

flelil. 
Wbon  a  inagnottmlilo  body  in  brought  into  a  » 
Hwt  following  |ihi>uiinieniio..iMir,  vi«.; 
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(1)  The  lines  of  magaetic  force  pass  through  the  body  and 
are  condensed  upon  it  (See  Fields  Magnetic.  Paramagnetic,) 

(2)  If  the  body  is  free  to  move  around  an  axis,  but  not  bodily 
towards  the  magnet  pole,  it  will  come  to  rest  with  its  greatest 
extent  or  length  in  tlie  direction  of  the  lines  of  force  ;  i.  e,,  in 
the  direction  in  which  it  will  offer  the  least  resistance  to  the 
lines  of  force  that  thread  through  it. 

(8)  The  body  will  therefore  become  a  magnet,  its  south  pole 
being  situated  where  the  lines  of  force  enter  it,  and  its  north 
|x>le  where  they  pass  out  from  it. 

(4)  The  intensity  of  the  induced  magnetism  will  depend  on 
the  number  of  lines  of  force  that  pass  througli  it. 

(5)  The  direction  of  the  axis  of  magnetism  will  depend 
on  tho  directions  in  whicli  the  lines  of  force  tliread  through  the 
body.    (See  Axis  of  Magnetism). 

If  a  bar  of  iron  N,  S, 
Fig.  245,  be  brought  near 
the  magnetized  bar,  N,  S, 
jwles  will  be  produced  iu 
it  by  induction,  as  may  ])e 
shown  by  throwing  iron  filings  on  it. 

Since  the  nearer  the  body  to  be  magnetized  is  brought  to 
the  magnetizing  pole,  the  greater  will  be  the  number  of  lines 
of  force  that  thread  through  it,  the  greater  will  be  the  inten- 
sity of  its  induced  magnetism.  This  will  be  greatest  when 
the  two  a(;tually  touch  each  other. 

TJie  production  of  magnetism  therefore  by  contactor  touch 
is  only  a  special  case  of  magnetization  by  induction. 

The  attraction  of  a  magnetizable  body  by  a  magnet  pole,  is 
caused  by  the  mutual  attniction  which  exists  between  tiie  un- 
like pole  produced  by  induction  in  the  parts  of  the  piec«  of 
iron  nearest  the  attracting  magnet  pole.  This,  it  will  be  seen, 
is  the  same  as  tlie  attraction  caused  by  an  electric  charge. 


Induetion,  lHairneto  Eloetrie 

Electro  Dyrtamic.) 


— (See  Induction, 
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Inductinn,  Huluul Induction  produced  by  two 

neighboring  circuits  on  one  aimtiier  by  the  mutual  interact 
tion  of  theiv  magnetic  Delils.     (See  Ciirrtntii,  Extra.) 

Indurllun,  Seir Iniltiction  produced  in  a 

circuit  at  the  nioinenl  of  Htartiti;;  or  Htupping  Uie  currents 
therein,  by  the  iailuction  of  the  current  on  itaelf.  (See  Cur- 
rent.Extrii.) 

Induction  Tup,— A  top  consisting  of  an  iron  disc  sup- 
ported on  a  vertical  axis,  which,  when  spun  before  the  poles 
of  a  steel  magnet  assumes  an  inclined  position,  through  the 
inAueiK«  of  the  uurrents  induced  in  the  disc. 

The  lop  nuiintiuiia  tho  incliniNl  position  so  long  only  us  the 
strength  of  the  indui«d  cui-rcnls  is  sufBciently  great ;  that  is 
while  speed  of  rotation  i?  Humdenlly  great. 

Indnotlon.  Tube*  of (Sec  Forte,  Tubra  of,  nr 

Tiibet  (>/  Indtielion.) 

Indncllvv  Capacity.  SpeclBt* —(See  Capac- 

ifj/.SpeciJic  Intliictice.) 

InduMoinetvr,  Dltttrvntiul An  appa- 
ratus tor  menauring  liy  means  of  a  galvanometer  the  momeu- 
tary  currents  prodiii'ed  by  tlie  discharge  of  a  cable. 

Currents  produced  by  the  discharge  of  a  cable  are  ut  so 
abort  n  duration  thiit  they  do  not  produce  nmcli  eltoct  on  a 
galvanometer  needl«. 

The  inductive  charge  in  a  cable,  or  the  (|uantity  of  elec- 
triiuty  produced  in  it  by  induction,  is 

(1)  Directly  as  th*-  electromotive  force  of  the  cliarging  bat- 
tery. 

(2)  Inversely  as  the  sipiar?  root  of  the  thickness  of  the 
i-oatini;of  gutto-peri-'ba  or  other  insulating  material  between 
the  conducting  wir«s  and  the  nietallic  slicathing,  and 

(8)  DirecUy  as  Iho  8c|iiar«  root  of  the  diameter  of  thecopper 
wire  of  thi> conductor.     In  order  to  uatise  tile  cahli-  dlrHliargu 
1   tliuruugbly   altoct    tlie    gulvaoumutur   ueudte,   Mr. 
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Latimer  Clark  employed  a  differential  instrument  with  a  large 
battery,  and  three  reversing  keys,  by  means  of  which  he  gave 
a  rapid  successsion  of  charges  to  the  cable.  He  called  the 
instrument  a  Differential  Inductometer, 

Inductophone. — A  device  suggested  by  Mr.  Willoughby 
Smith  for  obtaining  electric  communication  between  ti-ains  in 
motion  and  fixed  stations  by  means  of  the  induction  currents 
developed  in  a  spiral  of  wire  fixed  on  the  moving  engine,  in 
its  motion  past  spirals  on  the  line,  into  which  intermittent 
currents  are  passed. 

The  spiral  on  the  engine  is  placed  in  the  circuit  of  a  tele- 
phone.   (See  Telegraphy,  Inductive.) 

Inductor! inn, — A  name  sometimes  applied  to  a  Ruhm- 
korff  induction  coil.    (See  Induction  Coils.) 

Inertia, — The  inability  of  a  body  to  change  its  condition 
of  rest  or  motion,  unless  some  force  acts  on  it 

The  inertia  of  matter  is  expressed  in  Newton's  first  law  of 
motion,  as  follows : 

"Every  body  tends  to  preserve  its  state  of  rest  or  of  uniform 
motion  in  a  straight  line,  unless  in  so  far  as  it  is  acted  on  by 
an  impressed  force." 

All  matter  possesses  inertia. 

Inertia,  nia^notic or  Lian^.— The  inability  of  a 

magnet  core  to  instantly  lose  or  acquire  magnetism. 

The  magnet  core  tends  to  continue  in  the  magnetic  state  in 
which  it  was  last  placed. 

To  decreaise  the  magnetic  inei*tia  the  strength  of  the  mag- 
netizing current  is  increased  and  the  length  of  the  iron  core 
decreased.  The  iron  should  also  be  quite  soft.  (See  Coercive 
Force,    Lag,  Magnetic.) 

Infinity  Plug, — A  plug,  in  a  box  of  resistance  coils,  in 
which  the  two  pieces  of  brass  it  connects  are  not  connected  by 
any  resistance  coil  and  which,  therefore,  leaves  on  unplugging, 
an  open  circuit  or  an  infinite  resistance. 


WOHBS,  TERMS  AKD  PHBA8K8. 


MS 


Ink-Wriier,  Telegrapliio, «r  Recorder. 

(See  Balanee,    M'lif.alstone'n  Eleetrir,  Box,  Form  of.) — A  de- 
vice ctnploj'iMl  tor  i-eourding  tlie  dola  unil  dikshes  of  a  tele- 
graphic message  in  ink  on  a  fillet  or  strip  of  pnjwr. 
InMilulInn,  Eleelrlc— (Sca  Sun  Stmke.  EWlrif.) 
■■KlallntiMii. — A  t«rm  embmcingthe  entire  d^'triu  plaut 
i-eiiuiroi!  to  perform  iiny  Hpccificd  work. 
I, — (Sfie  Cffiitnts.  In»iilating.) 

'Non-cnndiictiDg      substances 


Innulatlntf 


IniulHtlng     nfatcriali. 

which  nil rround  a  conductor,  moi'itt-r  that  it  may  either  retain 
unelei^tric  charge,  or  permit  thfi  |)as»agp  of  an  electric  current 
through  the  conductor  without  Bcnaihle  lenkagf. 

Various  ^ases,  liquids,  or  xolidn  may  he  einplnyeil  an  innii- 
lAtors.     A  high  vacuum  itfTorib  the  beat  known  inRuTation. 

■■MOlntliig  Stool.— A  stool  jii'ovideil  witli  iuHiiliiting 
l<ig«.  on  wliich  a  person,  or  other  body,  may  he  jilaced  tn  order 
to  receive  an  eleclrif  rtuirge. 

Inoululllllt  T«l»e.— (St-i'  Tajn;  InitiiliiUng.} 

Iiunlntliig  Vnmlah.^Scc  Vamiith,  rit»iilriting.) 

ln»nlHl4»rB.  Tvlogmphle  or  Telcphonlo. 

Non-conductins  supports,  by  meniLs  of  whidi  tek'grapliic, 
ti^lephoDlc,  electric  light  wirsB,  or  other  wires  are  attached 
to  the  objects  by  which  tliey  are  supported. 

Thn  insuitttora  aro  generally  made,  of  glass,  carl  lien  ware, 
porcelain,  or  hard  rubber,  aiid  atrauoie  it  variety  of  forms. 
Home  of  which  are  bIiowd  in  TigE.  848,  347,  and  348.  Of  what- 
BVnr  material  tiicyure  tnodo.  it  ia  nncHHsary  that  the  Biipftice 
on  whlph  the  wire  reata.  or  arounii  which  it  is  wrapped. 
should  l>e  smooth  no  jisto  avoid  iibrasion  either  <if  its  in^uliLt- 
iog  mvKrin^  or  of  tlie  wire  itaelf. 

Two  things  ara  to  bti  canHldcrod 
bitor,  vix. : 


no  bit>akB 


(1)  The  insulatiiifc'  power  of  the  material  of  which  it  isoom- 

Bjiiiai'il,  BO  OS  to  reduce  (lii!  Ifnkage  ns  mu(:h 
na  possible.     (Sea  Ekctrii  Ltakagr).     Awl. 
(2)  Ths  tensile  strength  of  lli<;  inuterizU, 
so  tlml  in  ciisH   of  heavy  vtin-a   no  bi-naks 
iiiuyrtadiHfroiii  the  fracture  [if  thp  in 
Inicnultr  «r  <^rrenl.— A  term  m 
tiniea  eniployeil  fo  iiicJicfttp  current  hI 
■"<'■  '**■  (See  ^i«j»^rc.) 

Inten«lty   of  Field.— The  slren^^th  of  »  field  as  meas- 
ured liy  tile  nunihcr  of  lines   of   tiM-cf 
that  \>asa  Ihron^h  it  ]>ei'  unit  of  areu  of 
cross  scrtion.     (Kee  Field,  Elrrlmnliitie. 
Fk'hl,  jtf.ij)«.'(tc.} 

InteiMlll-  uf  Llsbt.— The  Inilliuncy 
or  illnmiiiiititig'  (lOwer  of  ii  light  as 
meaauryil  liy  a  ]ifi<if(»ni'(i!r  in  sliiniiiiril 
enniOr.x.     (Sec  Pivtinmeter.) 

Inlcii*!!}'  of  nogncttzalinn,  ur 
MiiBiifllc  Den«Il)'.— Thi'!^!rength  of  * 

[iiiiH^ni-lwni  lis  nieasurcd  ljy  Uie  number  of  liiiOH 

f  force  tiint  |iiuu  tlii'ough  a  unit  ot  a 
Beclion  of  the  nio^net,  i.  f,,  a  Hortion  Inkiq 
rifiht  angles  to  the  lines  of  force.     {Son  J 
Dp  nidi  y. ) 
■ntoriocklnic  A ppnmtnii.— Device 
cliunically  o|ieratin^  i-allroad  KivitchcH,  ai 
phoi'e  Hi^'nids  for  Indicating  the  position  of  s 
s(viti;heB,  from  a  iliBtnnl  signiU  tower,  by  mc 
of  a  system  of  iiiterluc.king  lernrs,  so  eonstnicted 
thai  the  siynuls  jinil  tli"<  switcliBs  are  interlookedT ' 
BO  iis  to  render  tl  imjiossilile.  ftflcr   n  ronta  % 
Fist-  'U.      oxiini  bei^n  set   up  and  a  sijg^al  (pvr<n.  to  cIh 
j-iKiiiil  for  11  route  that  would  oiinllict  with  (1 
net  i.|-. 


WORDS,  TERMS  A 


>  PHRASES. 


I-  breaking'  \ 


P 

^H  lntermllt(>nt  Earth.— <See  EarUui.) 

^^ft  Interrupter.^Any  device  for  intoi-niptiiig 

^^^      circuit. 

^H         IntcrmplPr,  AiilomniU- — (Sr-t  Auhmialu-  Con- 

^^P      tact  Breaker.) 

*  Interrupter,  Toning  Fork  or  Reeil 

An  iiiterniplcr  in  which  the  tnukes  ami  bn-iika  are  causeil  lo 
tallow  one  »n«thor  hy  IW-  vibnitions  of  a  tunitig  fork  or  reed. 
The  tuning  fork  or  i-ceii  jh  maintainr'tl  in  vibmti'in  by  any 
Huitnble  means.  Siiuh  interrupters  arv  applied  to  variouR 
UBPB.     Syat'lirunouB  multiplex  tolegrapliy   in  an  tfxainpln  of 

Inverted  Indactfon  C'oll*.— (See  Cimvtrters  or  Trant- 

foniKrt. ) 

loni. — Groups  or  atunisor  radii^tJs  which  result  Tfoin  the 
electrolytic  dei'oni position  of  a  molocule. 

The  iojia  are  respectively  electro-positive  and  electro-ne- 
^tive.  The  electro-posIlive>  ion  appears  at  the  plate  con- 
nented  with  the  fleetro  Tiegalire  terminnl,  or  at  the  kathode, 
ami  is  called  Ibe  kathion. 

The  electro-neg:ative  ion  aiipcars  at  Uie  plate  connecled 
with  the  eleetrii-pontive  terminnl.  or  at  the  anodt.  and  is 
called  the  union,    (See  Eleptrolyn».     Kathion.  Anion.) 

Iron-Clod  nagnel.— A  magnet  in  which  the  magnetio 
resislance  ia  lowered  by  a  casiiii;  of  ii'on  et)nnect«d  willi  the 
oor<.'  and  providt-d  Tor  the  passage  of  the  lines  of  magiietii; 
force.     (See  Magm-t.  Tubular.) 

iaobar*,  or  laobnrle  Llnea.^Linea  connecting  plaii 
on  tlie   earlh's   Hiirfiu.15   which  have   at  liny  time  the  same 
haroinplric  pressure, 

A  atiiily  ot  the  isiibarii.'  lLiie>s.  or  i-ioburs,  is  of  great  aaxist- 
ance  in  miUcin^  lurecualii  or  prudii'tionB  of  uuiuiug  cluutgm 
the  veatlior. 

■■ovllr«nf  ■  of  Ijiii'-  «r  vibration. 
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iMtcbronoiiM    VIbratlonit  or  OftclllBllona.— Tibra- 

tions  which  perfortu  llii?ir  to  und  fro  motions  on  either  side  or 
the  position  of  tvst  in  equal  timeH. 

The  vibratioDG  u[  a  pendulum  are  isochronous,  no  matter 
what  the  amplitude  of  the  swing  niay  Iii',  that  is.  whethertlie 
pendulum  swin^  through  a  largu  arc  or  a  xmall  arc,  provided 
this  arc  be  not  very  great.  All  vibrations,  llierefoi-e,  lliat 
produce  musical  st)und«  may  be  regarded  as  iMtehronoua. 
I«OCllnlc  CharlH.— <See  laeliitation  Mnp  or  Chart*,) 
Itocllnic  UiiCH.— Lines  connecting  plucks  that  have  th« 
same  angle  of  mnf^nefic  flij>  or  inrUntition.     (Sec  Dij),  Xag- 

liodfiuunlc  LInea. — Lines  connecting  places  which  have 
the  same  magnetic  intensity. 

The  magnetic  intensity  of  a,  place  is  detciTnined  by  the 
number  of  os<^illation.s  that  a  smalt  magnetic  neeille.  moved 
from  its  position  of  rest  in  the  magnetic  meridian  of  any 
place,  inake»i  in  a  given  time.  This  method  is  similar  to  that 
employed  for  determining  the  intensity  of  gravity  at  any 
place  by  observing  the  number  of  oscillations  that  a  pen- 
dulum of  a  given  length  makes  in  a  given  time  at  that  place. 
It,  for  example,  a  magnetic  needle  at  one  place  makes  3tl  os- 
cillations in  ten  minutes,  and  245  in  the  same  time  at  another 
place,  the  relative  mi^netic  intensities  at  these  places  are  aa 
thesquaresof  these  numbers  or  as  44'>31  :  60035,  or  as  1  :  1.346. 

iMMIfnanifc  Nap  or  Cbarl  —A  map  of  the  earth  on  a 
Mercator'a  projection  on  which  isodynainic  lines  are  drawn. 

An  tsodynamic  chart  is  shown  in  Fig.  349.  It  will  he  ob- 
served that  the  inodynamic  lines  do  not  exactly  coincide  with 
the  inoclinic  lines,  since  the  line  of  least  magnetic  intensity, 
does  not  correspond  with  the  line  of  the  magnetic  equator. 

The  point  of  leagt  magnetic  inlenaitg  is  found  at  about  l»t. 
20°  8,  and  long.  85°  W.  The  point  of  greatest  magnetie  <«- 
ttntity,  is  found  at  about  lat  53'  N.  and  long.  93*  W. 
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Anothor  though  weaker  point  of  great  ma^pietio  intenBitj 
is  foimd  ill  Siberia.  These  are  distinguished  from  the  true 
iriagnetic  i>olea  ]>y  the  teriu  Poles  of  Jntentitp, 

Tim  Poles  of  Vcrticity,  as  determined  by  the  dt^iiniHjr  needle, 
and  the  2>oles  i  intensity  as  determined  by  the  needle  of  oe- 
cillation,  tliercfore  do  notcoincidc  in  the  northern  hemisphere. 

IiK^onal  Ijines. — ^Lines  connecting  places  that  have  the 
same  magnetic  variation  or  declination.  (See  DediwUioHf 
Magnet  ic) 

Iiiogonic  or  Deelination  Map  or  Chart.— A  chart 

on  which  the  isogonal  lines  are  marked. 

Ill  the  dec^li nation  or  variation  cliai*t,  shown  in  Fig.  250,  the 
rogion  of  western"  declination  is  indicated  by  the  shading. 
Tliero  is  a  remarkable  oval  patrh  in  the  northeastern  part  of 
Asia,  in  which  the  declination  is  west.  A  similar  oval  of  de- 
lU'case^l  declination  is  seen  in  the  southern  Pacific. 

The  entire  earth  acts  as  a  huge  magnet  with  an  excess  of 
south  magnetic  polarity  in  the  northern  hemisi:)here. 

It  is  not  known  whether  the  earth  i)ossesses  more  than 
a  single  pair  of  magnetic  poles,  or  what  is  the  exact  cause 
of  its  magnetism.  The  variations  in  the  declination,  and 
in  the  intensity  of  its  magnetism,  due  to  the  position  of 
the  sun,  as  well  as  the  marked  magnetic  disturbances  that 
accompany  the  occurrence  of  sun  spots,  would  appear  to  con- 
nect the  eaiih's  magnetism  with  the  solar  ra<liation. 

It  is  believed  by  some  that  the  earth  poss(^sses  in  reality 
the  two  magnetic  poles,  viz.,  a  south  pole  in  the  northern 
iiemisphere,  and  a  north  pole  in  tlie  southern  hemisphere. 
(See  False  Poles,  Magnetic.) 

Isotropic  Conductor. — A  conductor  which  possesses  the 
Slime  powers  of  electric  conduction  in  all  directions. 

An  electrically  homogeneous  medium. 

Isotropic  medium. — A  transparent  medium  which  pos- 
sesses the  same  optical  or  electric  properties  in  all  directions. 
An  optically  homogeneous,  transparent  medium. 
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An  f'ledrioaily  L-fittropii 


t  ]HH(se9!ies  the  si 


6  poir«n 


iif  eleilj-ic  rondiu-J 

dllc  iiuluotive  capacity  in  all 

directions.     (See    An{»tropie 

Mediuvi.) 

I.  W,  C— A  cvnlrucUon 
for  Iniliaa  Wire  Gauge. 

Jar,   liefdeu 

iMiodenser  in  the  form  of  n  jftr, 
in  which  themetoliic  coating 
aro  placed  upposite  to  eaeii 
othf  F  on  the  autsid<)  and  tti« 
inside  i>[lhe  jur. 

The   metal  ooallngs  should 
not  ex(«nd  to  more  tliau  two- 
^v-'si-  thirds  the  height  of  tlio  Jiu-. 

the  rest  of  tlie  glues  being  vamislied  to  avoid  the  creeping  of 
Ihe  churge  uver  the  glass  in  damp  weather. 
Tile  inside  C4>a.ting  is  connected  by  means 
of  II  niotallie  chiiin,  tu  u  rounded  knob  on 
the  top  of  the  jar,  as  shown  in  Fig.  S.11. 
Tlia  conductor  supporting  thu  knob  passes 
through  a  dry  cork  of  plug  of  some  insulat- 
iug  material. 

To  uhorgc  iho  jur  the  outside  coating  is 
(^nniicL-ted  Willi  Urn  eoFth,  as  by  holding  it 
ill  tlio  liand,  and  the  insidif  coating  is  con- 
netrtod  Willi  tlip  t'onduutor  of  a  miuihine, 

Jur,  tJnIt A  small  Leyden  jar 

siiinvtimGs  employed  to  measure  approxi- 
mately the  quantity  of  electricity  passed 
into  u  Leyden  buttery  or  condenser.  "p-  •«■ 

As  ahown  in  Fig.  SBi,  the  iiult  jar  consists  at  n  small  Leyden 
/,  whose  outer  uouting  ii)  uouneuled  with  aalidint;  met«UiQ 
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I  Tod  b,  provideil  nt  ca^h  end  with  a  rounded  knoh.  aad  tbe  inner 
1  coating  of  ivhich  is  connected  with  a  metallic  knoli  c.  placed, 
I  ftnd  as  shown,  inside  a  glass  jar  d,  opposite  tlie  ball  on  the 
W  long  end  of  b. 

Wlien  now  the  inside  of  the  unit  jar,  or  the  end  connected 
with  c,  is  connected  with  the  charging  source,  such  as  a 
luacbine,  and  the  ontaide  at  a  is  connected  with  the  batt«iy 
that  is  to  be  charged,  for  every  spark  that  passeaa  between 
d  and  c,  a  itefinite  titianlit;  has  parsed  at  a. 
The  value  of  this  ttnit  oharge,  may  l>e  varied  by  varying  the 
I  distance  between  d  and  e. 

I      The  sniiUler  the  unit  jar  in  proportion  to  the  jar  to  be 
I  chargi!d.  and  the  tthorter  the  dislAnce  between  i:  and  if,  the 
F   mon;  reliable  are  the  comparative  results  obtained. 
I      Jet  PbotwRiuter. — An  apparatus  tor    determining   the 
I  candle  power  of  a  luminous  source.     (See  Carcel,  Standard.) 

I      Jewelry,  ElocUic ^The  substitution  of  minute 

I  Incandenoi.'.nt  electrii;  lamps  for  the  rarer  gems  In  articles  of 

I   jewel rj-. 

I       The  lumps  are  lighted  by  means  of  smalt,  primary  storage 

I  batteries,  carried  in  iLe  {wiclcet. 

I      Jalnl  iUisl*tanr«  of  Parallel  Clrpulln.— The  joint 

I  reslstunce  of  twu  parallel  circuits  Is  determined  by  means  of 

I  tbe  following  formula : 

I      Where  R  =  the  joint  resintaace  of  any  two  circuits  whoae 
■  lepOiriiU!  resistances  are  respectively  r  and  r*. 
I      Wlinn  there  arc  three  resistances  r,  r'  and  r*.  in  parallel, 
I   the  joint  resielance. 

I  R=- **  ** '''.' 

t(8ev  Cirmift.  t'arif.tutof.)  ^^M 
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Joint  Testiiiv. — Ascertaiaing  the  resistance  of  the  in- 
sulating material  around  the  joint  in  a  cable. 

The  resistance  of  a  cable  at  its  joint  is  necessarily  high, 
since  the  joint  forms  but  a  small  part  of  length  of  the  cable. 
It  should  not,  however,  be  large  as  compared  with  an  equal 
length  of  another  part  of  the  cable  with  a  perfect  core. 

Two  methods  for  the  testing  of  cable  joints  are  generally 
employed,  viz.: 

(1)  A  condenser  is  charged  through  the  joint  for  a  given 
time,  and  the  deflection  obtained  by  its  discharge  is  compared 
with  the  discharge  of  the  same  condenser  charged  for  an 
equal  length  of  time  through  a  few  feet  of  perfect  cable. 

(2)  A  charged  condenser  is  permitted  to  discharge  itself 
through  the  joint,  and  the  amount  lost  after  a  given  time 
noted. 

For  description  of  methods,  see  Kempe's  "Handbook  of 
Electrical  Testing." 

Joints,  Butt End  to  end  joints. 

Butt  joints  are  formed  by  bring-ing"  the  ends  to  be  joined 
together  and  securing  tliem  whil<^  iu  sucli  position. 

Joints,    Butt     and    l«ap for   "Wlrefi.— Joints 

effected  in  wires  either  by  placing  the  wires  end  on,  or  by 
overlapping  the  ends,  and  subsequently  soldering. 

Joints,  Butt  and  liap ofBeilM.— The  joints  in  a 

leather  belt,  employed  for  transmitting  power  from  a  line  of 
shafting,  where  the  ends  are  simply  brought  together  and 
laced,  is  called  a^hutt  joint,  in  contradistinction  to  a  lap  joint, 
or  a  joint  formed  by  placing  one  end  of  the  belt  over  the  other 
and  lacing  or  riveting  the  two. 

In  delicate  galvanometers  the  slightest  change  in  the  speed 
of  the  engine  driving  the  dynamo-electric  niiichine  producing 
the  current,  causes  an  annoying  fluctuation  of  the  needle  that 
prevents  accurate  reading,  when  lap  joints  are  used  in  the 
belt  instead  of  butt  joints,  unless  the  former  are  very  carefully 
made.    It  also  causes  a  flickering  in  the  lights. 


'  Jalnl*,  Expanitlon Joinls  for  und«rgrounil  con- 

"ductore,  tubes  or  pipeit,  exposi^  to  (.'onsklerubk  chan)^>s  of 
lempcralurc  in  which  »  sliding  joint  is  provided  to  safely 
permit  a  chunge  of  length  on  expnuaion  or  coatnu.-tion. 

■     JoInU,  Lap —Joints  elTected  by  overlapping  sliort 

■piirtions  near  the  ends  of  the  two  things  to  be  joined,  anilsecui'- 
Kag  them  while  in  such  position. 

JoinU,    Telecrapbic,    Telephonic,   elr. 

Hethods  adopted  tor  joining  the  ends  oF  electric  cundiiclurM  ho 
as  to  insure  a  permanent  junction  whose  reHislunce  eliu.ll  not 
be  appreciably  greater  per  unit  of  length  than  that  of  tiio  rest 
[^the  wire.  ' 

In  rimldng  a  Joint  care  should  nlwuyx  be  token  to  dean  and 
■crajxi  the  insulating  material  from  the  wires  before  twisting 

lem  together. 
'    Telegraph  wires  were  formerly  joined  by  theordinni'y  hell- 
er's joint ;  that  is,  the  wires  were  simply  luopi^d  together, 
e  vonstiint  vibnitions  to  which  the  wires  urn  subjec-t  caused 
It  to  1>e  abandoned  and  an  improvement  introduced 
y  bolting  the  ends  togetlier,  as  shown  in  Fig.  358. 
Tliis  latter  method  is  now  replaced  by  the  following,  vie.: 
In  th<!  Britannia  JmnI,  shown  in  Fig.  3,14,  the  wires  to  be 
3  placed  side  liy  side   tor  almut  two  inches,  bound 
irith  No.   18  (British  gouge)  binding  wire,  iu  the  manner 
loi^,  and  then  ciirefully  soldered. 

The  American  Taitt  Joint,  shown  in  Fig.  856.  is  made  by 
twisting  the  wlii^s  together  in  the  manner  shown  and  sub- 
s«M)uently  soldering. 

This  joint  is  easily  made  and  is  <|Uite  serviceable. 
II  joints  should  be  soldered,  but  in  ao  doing  care  must  be 
n  tllat  the  soldering  Uijuid  or  solid  employed  is  free  from 
or  other  corrosive  niatprials,  and  that  all  traces  of  such 
nre  removed  before  Uus  joint  is  covered  with  insulat- 
g  materiiiL 


Kit 
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Kerite,  Okonite,  or  other  insulating  Tape,  should  prefBrsl 
be  wrapped  around  the  joint  after  it  is  soldered. 

In  making  a  joint  in  a  gutta-percha  covered  wire,  such 
a  submarine  cable  wire,  or  wires,  the    following   meth 
may   be    employed :     The  bared   and    cleansed    wires   s 


.>..^......l.L^i; 


Fig.SSS. 

twisted  together  and  soldered.  The  soldered  joint  is  th 
covered  with  a  layer  of  plastic  insulating  material  made  ol 
mixture  of  gutta-percha,  tar  and  rosin.  (Soft  Chattertm 
Compound.)  In  order  to  insure  a  g'ood  juiiotioii  between  tl 
and  the  gutta-jH»rcha  cov(MMn«;  on  tlio  rost  of  the  wire,  t 


-^^^ 


Fig.  2r>U. 

outer  surface  of  the  gutta'pevclui  in  remorcd  for  about  t\ 
inches  from  each  side  of  the  joint    so    as    to    remoi'e 
oxidized  surface.     After  the  ooatinj^  is  put  on,  it  is  warni 
gently  by  a  wai^m  joining  tool  and  7iot  by  the /lame  of  a  lam 
A  sheet  of  warmed  gutta-percha  is  then  wrapped  ai-ound  t 


\l%^*^^ 


Fiff.  2oru 

joint,  and  while  it  and  the  joint  are  still  hot,  another  coatii 
of  the  plastic,  insulating  material  is  applied.  Successi 
layers  of  gutta-percha  and  insulating  material  are  general 
applied  in  the  case  of  submarine  cables.    {Cullvy.) 

Joalad. — A  term  proposed  for  the  Joule,  but  not  gen< 
Uy  adopted.    (See  Joule,) 
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Joule. — The  unit  of  electric  en«rg]/  or  work. 
The  va\t-Mulo7nb. 

The  amount  of  electric  work  required  to  raise  the  ixitentiiil 
of  oue  coulomb  of  electricity  one  volt 

Tlie  jiiule  luaj  be  regarded  as  a  ualt  of  work  or  energy  ia 
I  general,  apart  from  electrical  work  or  energy. 

1  joule =  10.000,000  ergH, 

1  joule =  .73733  foot  pound. 

1  joule „ =  1  voll-coiilomli. 

4.2  joules =  1  Hinall  calorie. 

1  joule  per  second _  =  1  watt. 

The  British  Association  rec«titty  proposed  to  call  one  joula 
I  the  work  done  by  one  watt  p«r  second. 

Joule    Ellfept.— The    heating    etTeirl    produced    by    the 

passo^  of  an  ele^^ric  current   Uirougli  a  oooductor,  arising' 

1  Blcrety  from  the  resistance  of  the  conductor.     (Se«  Effect, 

KBalln>~-A  varioly  of  wliite  tiny  sometimes  employed  lor 
Insulntiiig:  puriMMCK. 
JnblouhkolT  empluyed  kaolin  between  the  pamllel  carbons 
Kef  hia  electric  candlo  fur  the  pui-pose  of  insulating  tbeni-  He 
I  alao  devised  nn  eledrii^  lamp  in  which  a  spark  of  considerable 
JdifTerence  of  potential,  obtained  from  an  oi-dinarj' induction 
K  call,  was  cuilhilmI  to  raise  a  surface  of  kiuibn  to  incanileacf^nco 
I  by  its  pa!isa^*e  over  it. 

Knlhelcctrotonui.  or  Katelectrolonui.— In  elec- 

I  iro  therapeutics  the  condition  of  increased  functional  activity 

■  that  occurs  in  u  nvrve  in  the  neighborhuo<l  of  the  iie^iive 

^«lectrodo,  or  the  kathode  applied  in  medical  electricity.     (See 

£fec(rofoniM.) 

KHthlan. — The  electro  positive  ion,  atom,  or  riidiuil  into 
which  the  molecule  of  an  electrolyte  is  decomposed  by  eltelro- 
lytU.     {See  Klcctnilgni.     loim.) 

Kftlliiun  isHometimi-B  iiuwop-Hy  wrill.'ii  ealiai 
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Kathode. — The  ooniluclor  or  (ilnte  of  a,  deuoinpositioa  (kU  1 
uonDSOted  with  the  negative  terminal  or  electrode  of  a  battory^  J 

The  word  kuthode  !a  BOmetinies  applied  tu  the  negftUvBH 
termuial  ot  abatl«ry  or  sourte,  whetiicr  connerled  vrilh  al 
decomposition  cell  or  noL  It  is  prefornblfl,  however,  tog 
restrict  its  use  to  a  decomposition  cell.     {See  Anodt.) 

The  word  kathode  Is  ofton  improperly  written  ealliode. 


I 


Kaltiodip  and  Anodir  Elevtro-DlBgnostle  Rc»  I 
nctionM, — The  reat-tions  whiaiioccurat  Ihe  katljode  oi-anodal 
otnn  eieetrio  source   placcil   on   or  overanypart  of  uHvinff  J 

Fig.  358,  from  Do  Watte  ville's  MeiUc.'al  Eiei-tricity.  ruprexeaU  I 
what  be  ajsstimea  takes  pliure  at  the  points  of  entrance  and  m 
exit  of  the  current  ill  a  nerve  siibniitt»d  lo  the  action  of  the  I 
anode  of  nnelet^tric  source.  Two  zones  ai'e  formed,  antuiodio  I 
and  kathodic;  the  vtrtuAl  anoile  is  formeii  by  tlie  portion  of  the  I 
sldti  nearer  the  nerve,  and  the  virtual  Icathode  In  the  adjoin-  ■ 
iii;.-iiiijsi:'los.    There  are  thus  formed  Iwo  xones  of  influcnoe,  I 


[  one,  immediately  ai'ouad  tlie  anode,  called  tlie  polar,  oi'  anelec- 

I  trotonic  zone,  ami  odo,  Burrounding  this  and  including  th^ 
virtual  kathode,  and  called  tlte  peripolar,  or  katclectrotoaic 

[  Eone, 

K.  e.  C— In  electro  tlientpeulics,  aliriermetliod  of  writing 

I  JeatJuMlie  etanure  eonlmclirm,  or  the  efTectn  of  muscular  con- 
traction observed  l>y  the  closure  of  a  circuit  at  the  kaOtitrh. 

K.  B.  V, — In  elecli-o  tliera]>ciitics,  a  Uriel  method  of  writing 
katkodie  dnralion  cimtrai^tion,  or  lln'  effei'ts  of  muscular  eon- 
traction  obsei'veil  at  the  kalhode  after  the  current  has  been 
passing  for  some  time. 

Keeper  or  RlBgnel. — A  moaa  of  soft  iron  applied  to  the 
poles  of  a  niugnet  tlirougli  which  ila  linft  o/  magnetic  form 
piuia.     (fU?o  Field,  Magnrtie.) 
The  keeper  of  a  ninguet  difltei'a  from  it*  annaturi:  in  that 

1  tlie  keeper  while  noting  us  such  is  always  kept  on  tlie  poles  to 
prevent  Iom  of  magiintixation  while  Uie  urmuture.  besides  lutt- 

}  ing  as  a  keeper,  may  be  attracted  towai'ds,  or  repelled  from, 
tile  magnel  polns.  While  performini,''  it.s  fuuclions  the  keeper 
is  always  Oxed ;  the  armaliire  generally,  Iliough  nut  always,  is 
in  motion. 


Opinion  is  divided,  however,  on  the  elflcacy  of  (he  keeper. 
Key>Boara.— (See  Buurd.  Switch.) 
Ker,  DUcharge.— A  key  employed  to  enable  the  dis- 
charge from  a  condenser  to  be  readily  passed  through  a 
gulvanometier  for  purposes  ol   measurement. 

Ke}*,   Ubcbartre.   Kempc** A  diacharge  key 

constructed  an  shown  in  Fig.  267. 

The  solid  lever,  liingetiat  one  extremity,  plays  between  two 
'  contactBC0Dni?ct«Hl  to  two  terminals,  and  has  two  finger  triggers 
'  at  ita  free  end  marked  "Discliarge"  and  "Insulate,"  con- 
nected to  two  ebonite  hooks  respectively.  The  hook  «l- 
l  tHched  to  that  uiarked  "Discharge"  is  a  little  higher  than 
I  till)  other,  tto   that  when  the  level-  is  caught  against  It,    tlia 
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key  reaU  in  an  latemieiltAte  position  between  the  two  ooti<  J 
tacta,  nnil  when  caught  ngtunst  tlie  lower  trigger,  it  r«e 
against  the  bottom  contact.     'Wlien  in  the  lost  pOEitioo.  a  d 
pressiou  <>t  the  "  Insulate"  trigger  causes  the  levitrto  spring  1 
upagainslUie  seoonii  hook,  thus  insulating  it  from  either  con- 
tact, and  on  the  depression  of  tlie  "Discharge"  trigger,  the  | 
lever  spriags  up  against  the  top  contact. 


Kdjr,  IMM;harg«,  SVcbb'* A  liischnigB  kisy  o 

Htriii'l«il  as  sliown  in  Fig.  258. 

A  horizontal  lever  L.  Fig.  258,  piiHsing  belweeu  two  coatactB  I 
nnd  hinged  atJ,  is  pressed  upwards  by  a  spring.  The  treeend  1 
of  this  lever  terminates  in  two  steps  1  and  2.  A  vertical  leveo'  I 
H.  prodded  with  aninsulutingliandle,  isjoiutedat  J',  and  It 
ut  C  a  projecting  metaUic  tongue  thnt  engnges  in  the  upper  I 
step  when  the  lover  H,  in  vertical,  and  on  tlie  lower  st^p  when  J 
il  Is  slightly  moved  from  tliti  freu  end, 

When  Uie  projection  C  rpsts  on  the  lower  step  2,  the  levnt  j 
L  is  intermediate  between  the  lop  nnd  bottom  caniaeia,  nnd  la  J 
therefore  disconnected  from  either  ot  tbeni ;  but,  when  It  reflt«  | 
on  the  upper  step,  il  is  in  uon[ai:t  with  the   lower   ix>at»ct. 
When  Uie  lever  H  is  so  moved   as  to   have  the  prujedjan  C> 
away  from   both  contacts,  tlie  lever  L  ia  prussud  by  its  spring 
he  u|ipm'  contact. 


V(ttt«,  ntftMn  AMb  i>(titAmi.  Ml 

The  haKcry  lorininuin  Jire  connected  wilb  Uie  couclejwt'i 
toriiiinaJs  when  the  lever  L.  is  touching  the  lower  coatoct,  Iml 
wtien  Ihe  lever  L.  touches  the  top  ciintact,  the  ooDdejmiir  h 
connML'teil  witli  tJie  j^vanometcr  terminals. 


Kc},    noul>lt'-Conlii4-l     F»ri»    ttf    Bridge    Kvy, 
Kprtmue'it A.  kuy   desigucU  to  t'losi;   Iwo  sypiiinli! 


On  dc-prcsBing  K, 
Fig.  'iTtO,  the  contacts 
C  c.  al^  first  cl..sed 
nod  (hen  thuKeal ('',!''. 
Mt-Utilic  pi(.H.v8  1.  2.  >t 
and  A.  nerve  t^  nmU-: 
contacts    with  zippur- 


tion  I  he  ■'■with. 

The  buttery  ci 
is  ootmecteil  to  1  iind         •        —  ■^  -i 

2,  und  th«  );ulviuiaro«-  "?-  »»■ 

tor  to  3  ami  i,  bu  Ihftt   the  ballery  circuit  is  closed  llrst,  unil 


^ s. 

U             r— 1. 

1 

1 

-  _ 

__ 

--- 

lpiIvanoniet«r  uftiTwurdH.     tTsed  tn  •' 
LiHtoue  Bridge. 


w  itli  IIiR 


K  DKTiOSAaV  nr  m.WTRIPAt. 


Kri .  l>c»ul»lr-CMnUi«l -,  Laiubcrr*,— A  ka;  ubmI  j 

in  I'lible  wurk,  unil  construrti'd  as  shown  in  Fi£>  96& 


In  Thomnon's  methoil  Tur  the  deU^rmi nation  of  el^ro 
Ui{>iu.-il}',  the  capiuiily  of  the  uible  is  compiircd  with  Ihut  of  a:1 
condnnaci'iuintainln^  ii  known  oliurt^.  Those  tvrn  ulukrges  mtm  I 
ml  oiiniieclcil  cluoli-k-iilly  aa  ti>  ilischai'go  iiitu  uiid  n«Utn 

eikr'h  other  if  p^ual.bul  tf| 
not,    lo  jn'oduco    a   j^ 
vanometei-  dcnoction  Igr^ 
ti  ('hu.i'g0  eijiial  to  t' 
(liffci'<-n.-i-. 

The    connwtiann  arftfl 
such   thut   tlif)    ptutibiffl 
_  torwanl  of  K.  dcpre 
^'P-*"'  kej-B  lliftl  permit  n  bob- 1 

lery  U>  simultaueoiisly  charge  the  tiiniloiiBor  luiil  lhe(^to.4 
On  ilniwiag-  K,  hauk,  the  iliirecniiL'e  of  tlic  two  chiu^s  iu«l 
allowed  to  mis.  Then,  on  ili^iii'esHing  k.  the  dilTorcnco  of  the  I 
charge,  if  any,  is  dischnrgud  through  the  pklvunu meter. 

Kvy,  narncto-ElPClrir -\  telegi-nph  kfj-  for  I 

sending  an  i'Ui--tri('  inipulxe  into  u  hiii>,  no  arrangml  that  thn  I 
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I   toil  of  wire  on  an  anuafiii'«  connected  willi  Ihi-  key  levoi*. 

a,  by  the  moreaienU  of  tlie  key,  moved  toworila  or  rroiii 

lie  polos  ol  a  permaaeDt  magnet,  the  movements  of  tlte  liey 

:tiu»  producing' the  currenht  sent  into  the  line. 

Kvy,  Plup— — —  —  Asimpli;  formot  Iteyin  which  a  c«o- 

'    nection  is  reathly  iiiiule  or  broken  by  the  insertion   of  a  plug 

I    of  metal  between  two  metallic  plates  that  are  thus  introduced 

into  11  circuit, 

A  form  of  plug-key  is  sliowi: 

Kejr,  B«ver«ing 

of  a  galvanometer  for  obLaiii- 
iuc  deflections  of  the  needle 
on  either  side  of  the  galvuno- 
iiit-ler  8cul«. 

The  galvanometer  termiii' 
ftls  ure  connei-led  to  the  bind- 
I  in^  {Ktsts  2  and  it.  Fig.  Sn2. 
I  ftnd  the  circuit  terminals  to 
I  the  oUier  two  posts.  On  dr- 
I  pn^asing  K,  tlie  current  Howk 
!  diriM.'tiun  and  on  de- 
[  pressing  K',  in  the  oppusile  direutii 
1  handles,  are  provldntt  so  aa  to  clot 
'  niancntly.  if  so  dusired. 

Key,  Sbort-drvull A  key.  which  in  its  noimul 

I  condition  s1iort«ircuit<4  the  galvunaiii«t«r. 

Such  a  shorL-oirouit  key  is  pruvidod  for  the  purpose  of  pro- 
[  teotiiig  the  guvanometer  from  injuiy  hy  larg>!  currents  being 
l.ncddentally  pasHi-d  tlu-ough  ils  ooils.  Di  the  form  shown  in 
I  Fig.  383,  the  springs,  rests  against  a  platinum  contact,  but 
I  when  depresseU  hy  the  insulated  head  at  K.  it  resta  against 
ran  ebonite  contact,  and  throws  the  galvanometer  intii  th«d<>- 
t  sired  circuit. 


I.     Clamps,  operated  hy 

eltlier  tif  lb"  k'.yi  |ier- 


Tbe  key  is  provided  w 


iliu|i;  |KWtH  at  P  Ik 


A  btmOKAKT  'V  WLXtmtDAL 


Firr.  X3. 
Ker<  MiiUnc-CMIUct The  key  employed  bl  { 

Mliilc  forta   ot    WlieatBtone'x    liridgp,   U>  make   a>alact   witl 
till-  wire  over  whioti  the  sliding  contact  passes.     (See  1 


ftg.ia. 

K»r«  Tel«»r«plilc Tlie  key  oiiiijlo)-r.,i 

I   ItiK  ovnr  tlic  line  th«  HUocemive  makea  luii)  brciik^  IliiLt  pro.   ' 

1  th«  dol«  uDiI  diMitai  of  tlia  Moral!  ulptiiibi*),  ur  tha 
(  dullotiUoiDi  of  UiB  noedio  of  the  uiimUu  l.>lngrttph.  (800  Tdia- 
f  (fn»/^.  Anurlrait  ar  J/.icw  .SV'''"i  "/) 


\ 
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Kilo  (aaa  prefix). — One  thousand  times. 
Kllodjrnv. — One  thouBitml  tlynes.    (See  Dyiut.) 
Kllocmuime. — One  thoiusand  }^i»iiiiie«.  ur  2.3040  lbs.  av- 
oirdupois.    (See  Weights,  French  System  of.) 
Kiiq)auto, — On^  thousand  joulen. 
Klloinctre.^One  tliou-sund  inetreM. 
KlioiviiU, — Onu  Ihouxand  watte. 
Kinv.— A  unit  of  volocity  proposed  by  Uie  Brituth  Aseo- 

A  kiiiu  equals  one  centimetre  par  Hecond. 
KInvtiv  Enenn',— Ener^'  which  \a  actually  iloJn^  work, 
I  distinguished  from  energy  that  only  poseesaeH  the  jiower 
■ot  doing  work,  or  potential  emTgy.     (See  Energy.) 

Kite,  Franklln'a -A  kite  rfuand  in  Philadelphia, 

L,  in  June.  nn3,  by  TOeana  of  which  Franklin  experiment- 
olly  demonstrated  the  identity  between  lightning  and  elec- 
tricity, nntl  whii^h,  therefore,  led  to  the  invention  at  the  light- 
ning roil. 
It  is  true  that  Dalibani,  on  tlie  lOth  of  May.  1752.  prior  to 
i'h  experiment,  succeeded  in  drawing  sparka  from  a. 
pole  he  had  erected  in  France.  Thisexpirimentwaa, 
',  tried  at  the  suggestion  of  Franklin,  and  must  prop- 
erly be  ascribed  to  him. 

The  following  description  orthiskit«iN  given  by  Franklin 
in  the  following  letter ; 

XL,  from  Benj.  FitA^«Ki.tN,  Est),,  of  Philadelphia,  to 
Peter  CoU,raaoK,  B«].,  F.B.S..  London, 

"Oct.  1ft.  1753. 
.\h  frequent  mentjon  is  mude  in  public  papers,  frorii  Eiiro|ie. 
the  Kucces^  of  tlin  Phtlad«lphi»  Mqicriineat  tor  dmn  in*;  tli<; 

Urn  from  clooda  hya  --     - 

;tQd  un  litgli  buildlaffs^ 


mng 
^nunl 
^Klwwe 
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curious  to  oeinfnrmpd  that  the  same  experiment  hnn  succeeded 
in  Philadplphia..  IIiuuk'i  mivie  in  u  differeul  antl  more  ea«j 
manner,  which  ii  us  foUon's  : 

"  Make  a  small  croaa,  of  two  L'ght  strips  of  cedar,  the  arms 
so  long,  as  to  reuch  to  the  four  corners  of  a  Ifirg?  thin  hand- 
kerchief, when  extended;  tie  the  corners  at  tlie  handkerchief 
to  the  extremitiesof  the  cross,  so  you  liiive  the  body  of  a  kite; 
which,  being  properly  accuinmodutod  with  a,  tail,  loop,  and 
string,  will  rise  in  theair,  like  those  mads  ot  paper  ;  but  this, 
being-  of  silk,  is  ttft«r  to  bear  the  wet  and  wind  of  a  thuoder 
gust  without  tearing.  To  the  top  ot  the  uprig:ht  stick  of  tbe 
cross  is  to  be  fl^i^l  a  very  sharp  pointed  wire,  rising  a  foot  or 
mora  above  'Jib  wood.  To  the  end  of  the  twine,  next  the 
hand,  is  to  be  tied  u  silk  ribbon,  and  where  the  silk  and  twine 
join,  a  key  may  be  fastened.  This  kite  is  to  be  raised  when  a 
thunder  gust  appeiirs  to  bfl  i-oiningon,  and  the  person  who 
holds  the  string  must  stand  witliin  iidoor  or  window,  or  under 
some  cover,  so  that  the  silk  riUlmn  may  not  be  wet ;  and  care 
must  1k!  taken  tliat  tiie  twine  does  not  toudi  the  frame  of  the 
door  or  window.  As  so'in  :i.s  any  •>(  1lie  thunder  clouds  come 
over  the  kite,  tlie]MHnled  wire  will  draw  tin;  electric  ftre  from 
them,  and  the  kite,  with  all  the  twine  ivill  be  rl<M'trifled,  and 
the  loose  filaments  of  the  1  wine  will  KtantI  out  every  way, 
and  be  attracted  by  an  ajipro.iciiing  flnjjer.  And  when  the 
rain  has  wet  the  kite  and  twine,  so  that  it  can  conduct  th# 
electric  fire  freely,  you  will  find  it  streaiu  out  plentifully  from 
the  key  on  the  approach  of  your  knuckle.  At  this  key  the 
phial  may  he  charged ;  and  from  eteclric  fire,  thus  obtained, 
spirits  may  be  kindled,  and  all  the  other  electric  experiments 
be  performed,  which  are  usually  done  by  the  help  of  a  rub- 
bed glass  globe  or  tube,  and  thereby  the  sameness  of  the 
electric  matter  with  that  of  lightning  completely  demon- 
strated. B.  Franklin." 

Kyanlzlllg. — A  process  employed  for  the  preservation  of 
wooden  telegraph   poles  by  injecting  a  solution  of  corroa 


I 


aublim&te  into  tbe  porea  of  the  wood.  (See  Poles,  Tele- 
graphic.} 

Las,  INag'nellc Tlit  tendency  of  llie  iron  core  of 

m  nia^ct,  or  of  the  armature  of  a  dynamo-plpotric  machine,  to 
TGBist  and  therefore  retard  magnetization. 

This  retardation,  or  lag-,  te  called  the  magnetic  tag. 

The  letiii  necessary  to  give  the  brushes  of  n  dynamo-electric 
machine  to  ensure  quiet  action  has  by  Home  be^n  erroneously 
sscriheil  to  the  magnetic  la^;.  The  lead,  though  due  to  lag  iu 
pari,  is.  in  reality,  mainly  due  to  the  resultant  miiKn^ ''nation 
of  the  anuaturcbyboth  the  Held  magrnets  and  by  ita  own  nir- 
rent.     (See  Angle  of  Lead.) 

Tliis  <lisplacement  is  measured  by  an  angle  Bometimoa  called 
rafae  angh  of  lag.    (See  Angle  of  Lag.) 

lAmiDBtlon  or  Core. — The  subdivisiun  of  the  core  of 
Uic  armature  o(  a  dynamo-electric  machine  iuto  nopai'ate  in- 
sulated plates  or  strips  for  the  purpose  ol  avoiding  eddy  evr- 

TliiH lamination  mutt  always  lie  perpcndiculai' t^  the  diret'- 
<n  of  tliepddyciiriTnls  that  would  olhcrwise  be  produced. 
'B  Edds  Cunvntu). 

Lamellar  DItlribiition  of  nHffnell«in,  magnetic 
~~h:II. — Thi>  distHbiitioii  of  magnetism  in  magnetic  shells. 
'    A  nutgnetie  Hhell  is  a  thin  sheet  or  disc  of  magnetiEed  mate- 

I  whose  opposito  extended  faces  ore  of  oppoHite  magnetic 
^laritjes,  and  the  extent  of  whose  surface  is  very  great  as 
■Otii pared  willi  its  thickness. 

I  Tho  lleld  produced  by  a  magnetic  shell  Ls  exactly  similar  t<) 
"idt  produced  Uy  a  closed  voltaic  circuit,  the  edges  of  ttia 

iclosed  by  which  corcespond  to  lli'"  edges  of  the  t 
Utic  ^lell. 

I  Magnetic  DenMitg  or  tnlentitj/,  or  the  numtMr  of  t    i 
H  per  unit  arna  of  crow  acotioa,  is  (M)ual  ovp 

I  surfacA  ot  a  tttmjilft  nwgaHtIc  slinU.     '~' 


of  the  faces  of  the  ah( 
[Kiles  at  the  opposite  I 
the  sheut  being  very 
with  ila  UiicknesH.  Si 
magnetism  is  known 
tribution. 

I^mp,  Arc,  Ele 
electric  lump  in  wliii 
(iiioed  by  :<.  voltiiif  iiiv 
of  more  carbon  electri 
The  carbon  elcctr 
various  positions,  eith 
tal,  inclined,  or  verti 
other.  The  latter  is 
erally  adopted,  since 
feeding  of  the  upper  c 
The  carbons  are  ma: 
conBumption.  at  a  con 
by  the  aid  of  varic 
Such  devices  consist  | 
wheel  work,  meehanic 
or  are  operated  by  tl 
spring,  gravity  or  a  s 
The  carlion  pt'ncils 
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In  order  to  maintain  the  electrodes  a  constant  distance 
apart,  the  upper  carbon  is  held  in  position  by  the  operation  of 
a  clutcli  in  some  lamps,  or,  in  others,  by  a  detent,  that  en- 
gages in  a  toothed  wheel.  The  position  of  this  clutch  or  detent 
is  controlled  by  the  action  of  an  electro-magnet  whose  coils  are 
usually  situated  in  a  shunt  or  derived  circuity  of  high  resis- 
tance, around  the  electrodes.  When  the  carbons  are  at  their 
normal  distance  apart,  the  shunt  current  is  not  of  sufficient 
strength  to  move  the  clutch  or  detent  from  the  position  in 
which  it  prevents  the  downward  motion  of  the  upper  carbon 
rod.  When,  however,  by  the  burning  or  consumption  of  the 
carbons,  the  resistance  of  the  arc  has  increased  to  an  extent 
which  can  be  predetennined,  the  increased  current  that  is 
thereby  passed  through  the  shunt  circuit  is  now  sufficiently 
strong  to  release  the  clutch  or  detent,  thus  permitting  the 
fall  or  feed  of  the  upper  cai'bon.  In  a  well  designed  lamp  this 
occurs  so  gradually  as  to  produce  no  perceptible  effect  on  the 
steadiness  of  the  light. 

Arc  lamps  are  generally  placed  in  series  circuits^  that 
is,  the  current  passes  successively  through  all  the  lamps 
in  the  circuit,  and  returns  to  the  source.  In  order  to  avoid 
the  breaking  of  the  entire  circuit,  an  automatic  safety 
device  is  provided.  This  consists  essentially  of  an  electro- 
magnet placed  in  a  shunt  circuit,  so  that,  when  the  resist- 
ance of  the  arc  becomes  very  great,  the  increased  current, 
flowing  through  the  coils  of  the  electro-magnet,  produces  a 
moveniont  of  its  armature  which  closes  a  short  circuit  around 
the  lamp,  and  thus  cuts  it  out  of  the  circuit,  (See  Device, 
Safety.) 

Arc  lamps  assume  a  great  variety  of  forms.  A  well  known 
form  is  shown  in  Fig.  265. 

Lamp  Bracket,  Electric —(See  Bracket,  Lampy 

Lamp,  Carcel (See  Car  eel  Lamp.) 

Lamp,  DlflTerential  Arc An  arc  lamp  i'^ '  —An 

the  movements  of  the  carbons  are  controlled  by  th»®^  effects 
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tial  action  vt  two   magnets  opposed   to  eacli  other,  one  of    ' 
whose  coils  JN  in  the  ilirecl,  and  ttie  otiiur  in  a  ehunt  (.-ipcuit   * 
around  the  eiti'buns. 
Sometimes   llio   difrerential   coils   an;  plaoed   on  the  some 


Lam^Haiim, — The  number  of  lanip-lioura  is  obtained 
by  multiplying  the  number  of  lamps  hy  the  average  number 
of  hours  during  which  tliey  are  burning, 

A  method  n{  estimating  the  current  supplied  to  a  coasumei! 
by  counting  the  number  of  hours  each  lamp  is  ia  service. 

To  convert  liimj>-hoiir»  to  watt-hourx  iijii1ti|)ly  the  number 
of  lamp-houi-s  h_v  the  number  of  watts  pev  lamp.  The  watt- 
hotirs,  dividfil  liv  TUl,  will  then  give  the  t'leelrlcil  horre-power 
hoars.     (See  Watt-Hours.) 

Lamp,   Incandeicent   ElcctrU- An   electric 

Iwnp  in  whii'b  the  hght  is  produced  by  the  electric  incan- 
descence of  a  strip  or  filament  of  some  refractory  substance, 
generally  carbon. 

The  carbon  strip  or  filament  is  usually  bent  into  the  form 
of  a  horseshoe  or  ai-c,  and  plained  inside  :i  uliws  vessel,  called 
the  lamp  chamber.  This  vessel  is  ojcliaiisted  by  means  of  a 
mercury  pump,  generally  to  a  fairly  hif;h  var.iimii. 

In  order  to  insure  the   complete  r<;iiiuval  fi'om  the  lamp 

chamber  of  all  the  air  it  originally  conUiiniid,  both  it  and  the 

carbon  strip  that  is  placed  within  it  are  niaintaiiK'il  at  a  high 

temperature  during  the  process  of  exhaustion.    This  tempera- 

ture  in  practice  is  obtained  by  sending  the  ciiri'ent  through 

the  carbon  strip  as  soon  ns  tlie  air   is   nearly  all  removed. 

Towards  the  end  of  the  pumping  opcmlion   the   ciu'rent   is 

increased  so  as  to  raise  the  carbons  to  tiicir  full  brilliancy . 

,_This  latter  operation  is  termed  the  iH'clniied-giiK  proceia, 

contacj^  essential  to  the  successful  sealing  of  an   incandescent 

they  are    ^^  '^  means,  a  considerable  quantitj'  of  air  or  other 

ivoyjtromaeT?**'"**''***  ^^"*'  "P  "''  w^lu^ed  by  the  carbon,  14    ■ 


P»Un 


fd-nled  by  the 
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Itiven  out  ot  Uia  i/arboD.  wliii'h  it  wouki  be  iuipossiblo  to  get 
i  ot  by  the  mere?  operatioR  ol  pumping.    lu  order  to  insure 
le  success  or  the  operation  it  is  necemiir^  tliat  the  heating 
t  take  plaev  vrhUe  thtr  lamp  is  hving  e.cluiwilrd,  since 
rwtse    tlie    expelled  gases   would   he   reabsorbed.      (Seu 
OoMes,  OrcIiMi'un  of.) 
Tlie  exhauBtion  continues  up  to  the  ninmc^ntthelniiipcham- 
a  hermcticiklly  Healed. 

rThe   laiii[>  <.-liambcr   is   usually  hpi-niel.iciilly 
n  ot  tbi!  glass  in  the  niannor  adopted  in 
»  seahog  of  Ueiasler  tiihes.  or  Ci'ouke's  radio- 
ttetera. 

For  Iho  preimr.itton  of  the  oarbon  strip,  its 
carlionieation,  and  the  llnshmg  of  the  strip 
we  Carbonizatum,  ProeeMi»  vf,  and  Flaghing 
of  (larbane,  PritLVSH  fur. 

The  ends  of  the  eai'bon  strip,  or  arc,  are    | 
atloohed  to  leaiting-iniPirvs  ot  platinum  that 
[lass  through   the   glues    walls  of   the    lamp 
cliatnber,  and  ai-i;  fused  therein  by  melting  the 
glass  around  (hem.  in  the  same  manner  a*  are  >^S-  *W> 

the  leading-in  wires  in  Oeissler  tubes  anil  other  nimilar  ap- 
paratus. 

Incandescent  hutips  are  generally  connected  lo  the  Icadx  or 
circuits,  iu  muUiplr-are,  or  in  mu.tliplr.-»:rirK  em-nils:  they 
arc,  however,  sometimes  connected  to  the  line  in  serifs.  {Sue 
drcaiti.  Varieties  of.) 

I  In  the  former  con;  thi^ir  resiHtance  is  comparatively  higii ; 
ithe  latter  case,  comparatively  low, 
{bicaiideBC«nt  electric  lamps  assume  a  variety  of  ililfcront 
fms.  One  of  them  is  shown  in  Fig.  286.  Thf  lamp 
liuuber  confomiH  in  general  sha[ic  to  the  outline  of  thu 
JLomp,  8cnil-loCHU4lr«rcnl   Electric —An 

eiecirlu  lamp,  m  which  iht-  light  in  duo  to  the  comhliied  eSads 
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"■Iwlric  ini-aniiescenci;.    In  Oie  Roynier 
[ri[>,   shown  in  Fig.  3fl7,  a  Uiin  pencil  of 


'  {ii>'S!«cc)  Bg:iiinst  n  block  of  ^aptute  B. 
liiiivLiloil  at  L,  tliruugrh  a  block  o(  ^^^{rfiite 
i'  li  tlie  ciirrenl  in  oonvoyeil  to  the  !oi»w 
)VHbk'  rod  C,  which  part  alone  is  rend«^ 


of  a  voltaic  nr 
Bemi-incand<";< 
carbon  C,  is  k 
lateral  contii< 
I,  by  means  i>r 
part  only  of  ili 
incandescent. 

In  this  lamp  the  lig'lit  is  due  to  both  the  inuunileiicenoe  of 
tlie  rod  C,  and  lo  the  small  ora 
formed  at  J,  between  its  lower- 
end  and  the  contlu?t  block  Bi 
though  mainly  from  thu  latter. 

Latent    El«clrlclt)r. — A    ~ 
tei-iu  foi'merly  applied  to  bound 
elei'd-icity.    Now  in  dlsiise.    (See 
BoHini,  Dinamidatrd  or  DU- 
guiaeil  Electricity.) 

l^Bternl  Dlsoharfrc. — ^A 
smitlt  discharge  observed  on  tha 
discharge  of  a  Leyden  jar,  be- 
tween parts  of  the  jar  not  in  tfaa 
circuit  of  the  main  discharge. 

If  a  charged  Leyden  jar  is 
placed  on  an  insulating  ntool,  and 
is  then  discharged  by  the  die- 
cliarging  rod,  the  lateral  discharge  is  seen  aa  a  small  spark 
that  passes  between  Iho  outside  coating  of  the  jar  aud  a  body 
connected  witli  the  earth  at  the  monient  of  the  discharge 
through  the  rod.  This  lateral  discharge  is  due  to  a  small 
excess  of  free  electricity  on  the  outside,  that  is  not  n<.-utralized 
by  the  opposite  charge. 

A  lateral  dUchargt  is  also  seen  in  the  sparks  that  can  be 
taken  from  a  conductor  in  good  connection  with  the  earth,  by 
folding  the  |)Mi4  t>e«r  tt>e  conductor,  while  it  is  receiving    - 


Fig.K7. 
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,B"  Bpitrks  from  a  i>uwerfiil  machine  in  operation.    These 
•cbai^ges  are  due  lo  induction. 

LaIcfhI  Influctton. — Induction  olisorved  between  cloBely 
iched  |K>rtiona  of  a  circuit,  through  which  the  disruptive 
tKBcharge  of  a  Leydun  jar  ia  pussed  as  n  long-  spiu-k,  thi-reliy 
making  the  resistaDce  o[  the  drcuit  high. 

A  long  copper  wire,  bent  in  the  foriu  of  un  open  I'cflangle, 

lilts  ils  froc  ends  bent  near  their  cxtremilies  so  as  to  upproacli 

eiieh  other  imtil  hut  half  an  inch  apart.     The  extreme  end  of 

one  uf  Ihii  exlreuiitit's  \x  provided  with  a  metallic  hall,  and 

the  other  end  connected  with  Uie  earth.     If,  now.  a  Lejden 

jar  rdiargc  is  puswd  through  the  wire,  by  eounecting  the  outer 

iCOating'  with  the  end  of  the  earth  connected  wire,  and  hold- 

^the  inside  cuatinff  near  the  knob,  a  spark  will  pass  through 

£  half  inch  of  air  space  between  the  approached  portions 

J(  the  circuit 

rThts  discharge  is  due  to  what  was  called  formerly  fateral 

iduction.     The  discliarge  from  the  approached  parts  of  the 

s  probably  (o  be  regai'deduRu  branch  discharge,  or  shunt 

arrent,  due  to  llie  fact  that  the  anrnmulated  resistance  of 

e  to  the  current  of  the  disruptive  discharge,  becomes 

Miter  tlian  thnt  of  the  air  space  between  the  approached 

K^ilWbi  of  the  wire. 

Lbm',  Katurnl — A  con-ect  expression  of   the 

r  in  which  the  cikust-s  and  effeclH  of  natural  phenomena 
tbllow  one  anolhor. 

[  Tbi;  law  of  ^Tavitation,  lor  example,  correctly  expresses  tlie 
r  of  seiiuence  of  tlie  phenomena  which  result  when  unsui>- 
ibrti^d  bodies  fall  to  the  eartli,  It  tihould  bo  carefully  boms 
_1  luiuit,  hiiwover,  that  natural  laws  eannot  be  n-^rdwl  ob 
■[plaining  the  uHimaie  pau»e*  »/  nafunil phrn('inenii,\i\A 
ri'ly  pxpross  tlmir  oi'dcr  of  occurrence  or  sm^ucncc. 

'.  ignorani,  for  exiuupl<?,_of  Uie  true  i.vMh»  ol  griivll«- 
iirt-ouly  aii|uauiLeiI  willi  it*  uITuctB.     This  1»  UV»  O* 
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1  ultimale  pliysicEiI  ei 


.1  Div 


AVill, 


e  for  the  belief  in  their  uri^iil 


L1UW8,  Amp^rc'H or  l.am  of  Elertro-Dynn- 

miv  Allraellon  Hiid  Repiilntuii. — Liiwn  expresxing' tba 

attractions  and  repulstDns  of  electric  circuit^t  on  one  another. 
Laws,    Becqu«rel'K or    Imwh    of  MacDefo* 

0]tllv  Rolallon. — Laws  ut  the  magiR' to-optic  rotation  of 
the  plaue  of  polarlaition  of  light.  (See  Magneto-OpUc  Roia- 
tio„.) 

Lawn  ol'Couloinl),  or  Lawn  ol'ElcclroMlaltc  and 
niiLgnclIc  AltrarIion§  and  Rrpnisioiiit, — Laws  for  the 
toroe  i)t  allracUoQ  and  repulsion  between  charged  bodieaop 
between  inugnet  poles. 

The  fact  that  the  force  of  electrostatic  attraction  or  repul* 
aioQ  between  two  oliarges,  is  directly  proportional  to  Uu 
product  of  tlie  quantities  of  electricity  of  the  two  diarg«B  Koi 
iuvcrsely  proportional  to  the  square  of  tlie  distance  betweei 
them,  is  known  us  Coulomb's  Laio.  Coulomb  alsoascei 
that  the  attractions  and  repulsions  between  magnet  poles  li 
directly  proportional  to  the  pi-oduct  ot  the  strength  of  the  tvre 
poles,  and  inversely  proportjonat  to  the  sciuai'e  of  the  distonot 
between  them.    Thia  is  also  called  Coulomb's  Law. 

£.nw«  or  Faraday,  or  Laira  or  Elcctrolyilii.— Laws 
for theeffects  of electrolj-tic decomposition.    (Bee Electrolyna.] 

Eiair*  or  KlrchoO*,  or  Laivs  of  Shont-Clrcults, 

The  laws  of  branched  or  shuntrd  circuits. 

Tliese  laws  may  be  expressed  as  follows  : 

(1)  In  any  number  of  conductors  meeting  at  a  [loint.  if  cur- 
rents (lowing  to  the  imint  be  considered  as  -f ,  and  tbose  flow- 
ing away  from  it  as  — .  the  algebraic  sum  of  the  meeting  cur- 
rents will  be  zero. 

This  J!)  the  same  thing  as  saying  as  much  electricity  must 
flow  away  from  the  point  as  flows  toward  it. 
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(8)  In  ftuy  system  of  closed  cirouita  the  algelimic  sum  o(  the 
products  of  the  ouirenta  into  the  resistoneea  I'a  equal  Ui  the 
electro-motive  lorce  in  the  circait. 

In  this  cose  ull  currents  (lowing  in  li  certain  dircctiim  are' 
taken  &s  positive,  nnd  those  Rowing  in  the  opposite  ihi'ection 
OB  negative.  All  electro-motive  Iorc«s  t«ud)iig  to  pr<.>duce 
currents  in  the  direction  of  the  positive  current  ure  taken  oa 
positive,  ajid  those  tending'  to  pi*oduce  currents  iu  the  oppo- 
site direction,  as  negative. 


This  follows  from  Ohm's  liiw;  for.  hi 


«  C  =  — ,  th.>  elerlro- 


K 

)  mutter  n 


often 


moHve  foroe  E  =  CB,  and  thin  is 
tlie  circuit  Ik  lii-anclied. 

Iaws  of  l,cnz, — Laws  for  ileterniining  tho  directions  of 
the  ciuTenta  produced  by  electro  mognotic  or  electro  dynamic 
induction.     (See  Lenz'ii  Lair.) 

hajH  of  Ohm,  or  Lbh"  for  Current  StrenBlli.— A 
fundamental  law  tor  determining  the  current  sti-enjjth  in  any 
circuit. 

The  strenijlh  of  the  current  in  any  circuit  is  directly  pro- 
portional to  the  electro-motive  (oroe,  and  inversely  propor- 
tional to  tliH  resistance  of  tlie  circuit. 
B 

C  =  — .  or  E  =  C  R.    (See  OA«i>  i.«ir.) 
H 

Law  of  Tolia,  or  Lutv  n>r  Contncl>Series.— A  law 
for  Uie  diffiiri'npes  of  electric  pofj^ntial  produced  liy  tlie  con. 
tai-t  of  dissimilar  metals  oi'  other  siib«t.inceK. 

"  T!ta  difftreitM  of  potentini  beltPfi-ii  any  two  melalii  it 
tqual  to  thf  turn  of  the  ilifftreneen  of  imUnlial  brtwcrn  the 
intfrvening  taliiitanix%  in  the  nmlaft-trriea."  (Bee  C'onfacf 
Elfclricitff.    ContaelSerie*.^ 

Layer,  Crookca' —A  layer,  or  stratum,  in  the 

residual  fttmoaphnr«  of  a  vacuous  Space,  in  which  the  Riole- 
wiliag  from  a  heated  or  eleutritled  surtikce  do  not 
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meet  other  molecules,  but  impinge  on  the  walls  of  the 
directly  opposite  to  such  heated  surface. 

A  Crookes*  layer  may  result  as  the  effect  of  two 
causes,  viz. : 

(1)  The  i*aref  action  of  the  gas  is  such  that  the  distance  be- 
tween the  walls  of  the  vessel  and  the  heated  surface  is  less 
than  the  mean  free  path  of  the  molecules. 

(2)  The  wall  is  so  near  the  iieated  surface  that  the  distance 
between  the  two  is  less  than  tiie  actual  mean  free  path  of  the 
molecules.  Under  these  last  named  circumstances,  Crookes' 
layers  may  result  wliatever  be  the  density  of  the  gas. 

Lead  of  BruMhes  of  Dynamo-Eleetiio  MacUne. 

(See  Angle  of  Lead.) 
Leadlnij^  IIornH  of  Dynain«»-Kleetric   Maeliine* 

(See  HornSy  lA:adi7ig,  of  Dynamo  Electric  Machine.) 

Leads* — The  imiiu  conductoi-s  of  any  system  of  electric  dis- 
tribution. 

The  leads,  or  main  conductors  in  a  multiple  system  of  incan- 
descent lighting,  must  maintain  a  constant  potential  at  the 
lamp  terminals.  The  dimensions  of  the  leads  are  therefore  so 
proportionc»d  as  to  absorb  as  small  an  amount  of  potential  as 
possible.  Since  in  incandescent  lighting,  where  the  lamp  is 
connected  to  the  leads  in  multiple-arc,  the  total  resistance  of 
the  lamps  is  comparatively  small,  the  resistance  of  the  leads 
must  necessarily  be  quite  small  in  order  to  avoid  a  marked 
drop  of  potential.  Comparatively  large  conductor's  must 
therefore  be  used. 

The  main  conductor  for  serias  circuits,  such  as  for  arc  lights, 
has  in  all  parts  tlie  same  current  strength.  Since  the  resist- 
ance of  the  lamp  in  such  a  circuit  is  quite  high,  a  compara- 
tively high  resistance  in  the  conductor  can  be  employed  with- 
out a  proportionally  large  absorption  of  potential.  Com- 
paratively small  conductors  can  therefore  be  used.  (See  Sys- 
iema  of  Current  Distribution  by  Constant  and  by  Alternating 
Currents,) 
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EiOnkuKr.  Elwclrlc Thi^aradual  dissipation  of  a 

charge  or  current  due  to  Inxufilcii^nt  insulation. 

Some  leakagfc  oocwrs  under  neorly  all  circumstances.  On 
telo{,''ra,ph  lines,  during-  wet  weather  tlio  leaksbge  is  often  ro 
great  US  to  interteri!  witli  the  proper  working'  of  tlie  lines. 

The  leakugc  of  a  well  insulated  conductor,  placrid  in  a  high 
vat'uuui.  is  almost  inappreciable.  Crookes  bua  maintained 
eiiH-tric  charges  in  his  high  vooun  for  years  without  appre- 
ciable loss. 

EiVakagc  C-ondnctor.— A  conductor  placed  on  a  telo- 
gruph  circuit,  to  prevent  the  disturbing  ctTecta  of  leakage  into 
a  neighboring-  hne  by  providing  a  direct  path  for  such  leakage 
lt>  the  oartb. 

The  leakage  conductor,  as  devised  by  Varley,  consists  of  a 
thick  wire  attached  to  the  pole.  The  lower  end  of  the  con- 
ductor is  well  grounded,  and  its  upper  end  projects  above  the 
top  of  the  pole. 

There  exists  some  doubt  in  ttie  minds  of  pjq>erienced  lele- 
gmph  engineers  whether  it  is  w>>ll  to  apply  leakage  coDdiict,ors 
to  telegraphic  or  telephonic  lines  of  ov>>r  13  or  15  miles  in 
length,  since  suoii  conducturs  greatly  increase  Uie  electro- 
Btutic  capacity  of  the  line,  and  thus  cause  serious  retardation. 

Loakace,  Hacnetlc A  useless  dissipation  of 

th'-  lint's  of  magnetic  force  of  u  dynamo-electric  machine,  or 
other  similar  device,  by  their  failure  ta  pass  tlirough  the 
armature.     (See  Magnetophone,) 

LeclanrJi^'*  Voltaic  tell.    (Soe  Celt,  VolM.:) 

lAlgal  Olltn,— The   rnsistOLnce  of  a  column   of  nutrtniry 
e  millimetre  in  cross-section  luiil  MM!  .ruiiiur'tw 
Ii'ngth.  at  the  It-uipemture  ofO'C.  m  i 

1  Ohm  =  1.WH19  B.  A.  tlnit.     TIjl 
I  odoplnd  by  tlis  Intormitionnl  Elnctn 
\  vahin  ttint  should  tm  ncucptRd   lalvii...>..,j<..»,^   .- 
H  uf  tike  ohm. 
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Lenytli  or  Kpark.— The  l^n^tli  of  Rpark  that  pa« 
bpfweon  two  charged  t'onductont  (le[>cn(ls  : 

(1)  On  tlie  ditlercm-e  of  potoiitial  lietwccn  thPin. 

(2)  On  the  character  ot  the  gaAeoiix  mediMm  that  Heparai 
the  two  [■omluctors, 

(3)  On  the  density  or  prraaurc  ot  the  grueous  metUiim  1 
tween  the  conduclore.  Up  to  a  [■ertain  pressure,  a  decrer 
in  the  density  causes  an  inorea-so  in  tli<><  Ien;e:th  of  the  distaii 
the  spark  will  pass.  When  this  limit  Li  readied.  A  fiirti: 
decrease  of  density  decreases  the  length  of  spark.  A  hij 
vacuum  prevents  the  poitsngv  of  a  Bjjark  even  under  gTf 
differences  ot  potential. 

(4)  On  the  kind  of  material  that  forms  the  electrodes  1 
twf^pn  which  the  charges  pass. 

(.1)  On  the  shape  of  the  charged  conductor. 

(fl)  On  tlie  direction  of  the  current.  HparkB  from  tlie  prir 
conductor  arc  denser  und  moi'e  powerful  than  those  from  t 
negntive  conductor. 

It  will  be  observed  that  the  lengtli  of  the  spark  practical 
depends  mainly  on  two  cjrciirnstances,  vii.,  on  the  difTorent 
of  potential  of  tlie  opposite  charges,  an<l  the  conductii 
power  of  the  medium  that  separates  the  two  bodies. 

Lenz'  Imw. —  The  direction  of  the  currents  set  up  1 
electro-magnetic  induction  is  always  such  as  to  tend  to  c 
poEc  the  motion  producing  tlieni. 

Lotter-Boxei,   Electric Various  devices   th 

announce  the  deposit  of  a  letter  in  a  box.  by  the  ringing  ol 
bell  or  the  movement  of  a  needle  or  index. 

These  devices  generally  act  by  the  making  or  oi)ening  of  : 
electric  circuit  by  the  fail  of  the  letter  in  the  box. 


Leyden  Jar,     (Sec  J^iii',  Lei/iien.) 

l<erden-Jar  Batter}'.    {See  Bnitery.  Leydeti  Jar.) 

U«htoiibct-K'H  Figure*.     (See  Figures,  Ltehtftiberg.) 
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tAft  of  Electric  Incondeitceni  Lnmpa.—TIie  num- 
ber ol  hours  that  an  incandctcent  elpclric  lamp,  wlii.-n  ti-avcrsprt 
by  the  novnml  riirrent,  will  continue  to  nlTord  a  good  I'oiii. 
niercial  light. 

The  failure  of  an  eli-ctrin  incniulesrent  lamp  resulla  either 
(roin  the  volalJliKiition  or  rupture  of  the  cai-bon  conductor,  or 
fruni  the  fullure  ot  the  vncuum  uf  the  lamp  chiunber.  Since 
tike  employment  ot  tiie  llaahin^  pi'occas,  and  tlio  process  For 
removing  the  occluded  gasea  It  is  not  unnniial  For  incAudcs- 
oent  Iftmpa  Ui  Imf e  a  life  iif  gfvrral  thniiiiaml  Jioiirs.  (See 
yiu»hing  Curbimg,  Proeensfor.) 

Lliht.  Elcctro-nagnctlc  H)-p«theiiis  ot A 

hypothesis  for  the  cnilm^  of  light  proposed  by  Muxn-oll,  based 
on  the  i-eUtions  esistiug  between  the  phenomena  of  light 
(knd  those  of  eleotro-msgneUiim. 

Haxwelt'a  electro-magnetic  theory  ut  liglit  u-isumes  that 
the  plienomena  of  light  and  uia^netiani  ure  niu-li  due  to  cer- 
tain inotioDa  of  the  etiier.  Electriiily  and  magnetism  being 
due  to  ils  rotutions  or  oitcillations,  und  lisht  U>  its  to-and-fro 
motionH. 

He  proposed  this  theory  to  show  tiiat  tlie  phenomena  »f 
light,  lieat,  electricity  and  magnetism  could  all  bo  cxjilaiiied 
by  one  and  the  same  caURe,  vit.,  a  vibratory  or  oacillatory 
niotion  of  the  particles  of  the  hy)KitheUcal  ether.  Maxwell 
died  before  completing  liis  hy|>othesis,  and  it  bos  never  bIdch 
been  sufficiently  developed  to  thoroughly  entitle  it  tii  the 
nameoF  a  theory. 

There  are,  however,  numerous  considerations  which  render  it 

probabl«  thnt  electric  «nd  mogneUiT  phenomena,  lika  those  ut 

,    hglit  and  boat,  have  their  origin  in  a  vibratory  or  o!«!i11alory 

motion  of  the  linnitiiFerouB  iither.     A  few  ot  these,  11.1  pointed 

t  by  Maxwell,  S.  1'.  Tiiompeon.  Lodge,  Lurden  and  others, 

:  lus  follows  ; 

H  quit*  powlble  lliat  the  Ihing called  ele'-lrlHty  i»  tho 
r  llHelt:  negative  clcctrificaijon  cooaUting  in  uii  iJ-ciwr  at 
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the  ether,  and  positive  vle^-lrificiitiaii  in  a  deficit.  (See  Hy* 
pothesesof  ElMrMtg.) 

(2)  It  is  po3.M))1e  that  olectrostftlic  plieaamena  consist  m  a 
ilrain  or  de/ormitlion  at  the  ether.  A  dielectric  may  differ 
fromn  condutlor  in  that  the  tcirmermay  have  such  an  attrac- 
tion for  the  ether  as  to  g-ive  it  tlie  properties  oF  an  elastic 
solid,  while  ill  the  latli^r  the  ethei'  is  su  tni;  to  move  tlwt  no 
strain  can  possibly  be  rebuned  by  it.  (See  Dielretrie.  Con- 
ductor.) 

{S)  Dielectricis  iire  transparent  and  conductors  are  opaque. 

There  are  e^Lcptioiu  to  this  in  tlie  case  of  viil«init«  and 
many  other  exi'tOlent  dielectrics.  Nor  should  this  similarity 
be  expected  to  be  general  in  view  of  the  difference  between 
diathermani'y  and  transparency. 

(4)  It  is  possible  that  an  electric  current  (insists  oF  &  real 
motion  oF  translation  of  the  ether  llirou^'Ii  a  conduitor. 

(5)  It  is  possible  that  cleotro-niotive  force  results  us  differ- 
ences of  etturr  pressiireK,  this  would  of  coursi'  foil       f  roiu  (4). 

(S)  The  vibrations  of  light  are  propagate  I  n  a  d  rection  at 
right  angles  to  the  direction  in  wh  ch  tl  e  1  gl  t  moving. 
The  magnetic  field  of  a  current  is  |  ropagated  n  )  lanes  at 
right  angles  to  the  direction  in  which  tl  e  c   rreni   s  flowing. 

(7)  It  is  possible  that  lines  of  electro^ttt  n  1  lognetic 
force  consist  of  chains  of  polarized  i^tlier  particles. 

(8)  The  velocity  of  propagation  of  light  agi-ees  voiy  uearlv 
with  the  velocity  of  propagation  of  electro-magnetic  induc- 
tion.   (See  Velocity  Ratio.) 

(9)  In  ceiiain  axial  crystals  the  difference  of  transparency 
in  the  direction  of  certain  axes,  corresponds  with  tho  direc- 
tion in  which  such  crystals  conduct  electricity. 

Ltcht-House   Illumination,    Electric  

The   application  of  the  electric  arc  lig-ht  to  the 

illumiuatiou  of  light  houses. 

A  powerful  arc  light  is  placed  in  the  focus  of  the  dioptric 
mly  employed  in  light  houses.    Since  thecon- 


VOBD8.  TntMa  AXD  PBSAilKS. 


S81 


I  BUmption  or  tlie  carbon  clet^tradcs  would  alter  the  posiiioii 
F  of  the  focuB  of  Ilia  Uglil.  electric  lamps  lor  such  purpuswi  are 
I  conatruclvi]  to  feed  both  of  their  uarbomt  instoad  o!  tlie  upjier 
[    carhon  only,  m  iu  the  caae  of  the  ordinary  arc  lainp, 

Light,    Intetiiltjr   «r (See    InUnnty   of  Light. 

Photometer.) 

IJglilliiS,  Central  Slallon Tlie  lif:)iting  »f  a 

iiiiber  of  houses  or  other  buildings  from  ii  single  station, 
centrally  locuted. 

Central    station   lighting   is    distinguished   from   isolated 

liyhting,  by  the  fa':t  tliat  a  number  of  separate  buildings, 

hoiiscH,  or  areas  are  lighted  by  Uie  current  produced  itt  a 

inglH  ataliun,  centrally  louated.  Instead  of  fri>r>'  ".  niimbur  tif 

i  separate  electric  sources  located  in  each  of  tim  houses,  etc, 

r  to  be  lighted.    {See  Syilemjt  of  Eteptrie  Dintribution.) 

Llghtnluft.— The  spark  or  bolt  that  resultti  from  tlie  di»- 

zhiirye  of  a  cloud  to  Ihe  Hurtii,  or  to  a  neighboring  cloud. 

;Sec  Atimispheric  Electricity.     Kite,  Franklin's.) 

LlCblnlnit  Arre«ter.— A  device,  by  mean*  of  which  the 

I  apparatus  placed  in  ar.y  eleutriu  circuit  are  protected  from 

I   tile  destructive  etfecU  of  a  Qash  or  bolt  of  lightning. 

In  the  phenoin«<iia  of  tateral  indnetion  wa  have  seen  tiK 
I  teudi'.ncy  of  a  disruptiae  dist^luirge  tu  take  a  short  cut  m^ross 
I  an  iolervening  airspaoe,  rather  tlian  through  u  longer  though 
L  better  conducting  putlL  Most  lightning  arrestcre  are  depend- 
y  ent  for  their  operation  on  thw  tendency  Id  Inlenil  discharge. 
I  {Bvif  Iniliiption,  lioteral.  Discharye.  Dinrujitivr-i 
A  form  of  lightning  arrester  t.i  aliown  in  Fig.  308. 
The  hue  wires  A  and  Et,  are  ix>nnected  by  two  metallic  plttlns 
[  to  C  and  D.  respectively. 

Thpse  plates  are  provideil  with  [Mints,  as  shown,  luid  plinod 
I  near  a  Uilrd   plate,  connnot.ed  to  the  ground  by  tlio  wiru  ti. 

,d  u  bolt  strike  the  line,  It  is  diRcliarged  t 
I  through  the  wire  G. 


I 
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Ligbtnlnit,  Bnrk  or  Rrtum  Stroke.— (See  Back  o 

Return  Stroke  of  Lightning.) 

Ugfatning,  dobular —A  rare  form  oC  ligphuV 

ning,  in  which  a  g-lobe   of   lire  appears   for  a  wltile,  quietljrX 
Aoats  in  tbe  lilr,  and  lliea  explodes  witli  gv^aX  violeaoe. 

The  exact  oaiise  of  globular  lig'litmng  is  unknown.    Phe-l 
noniona  allied  to  it,  however,  have  been  observed  by  Platit4 
during  the  discharge   of  liis  rheostatic  niacliine,  when   (' 
charged  iu  aeries,  or  for  a  great  differenee  o(  electric jpolenttofifl 
Siiiiilar  phenomena,  are  sometimes,  though  rarely,  observe* 
during  the  disiiharge  of  a  powerful  Leyden  battery.    Sir  Wnj 
□  ascribes  the  effect  tu  au  optical  illusion. 


I 


Fig.  it 


Ugliliifng,  Heat  or  Sheet,  Volcanic  and  3 

^Hcat or  shfi'l  lightning  is  the  name  given  t 

charge  unaccompanied  by  any  thunder  audible  tu  the  observe^I 
in  which  the  entire  surfaeea  of  the  clouds  are  illumined. 

Its  cause  has  been  ascribed  to  the  reflection  from  the  clotH 
of  lightning  flashes  too  tar  below  the  horizon  to  permit  ths4 
to  be  directly  seen,  or  the  thtmder  to  be  audible. 
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If  a  Oeissler  tube,  whk-l>  contains  several  concentric  tubes, 
be  obartfod  b^  a  Holtz  rnachiot^,  elqcI  then  toucbt;d  at  tliffereiit 
pajFtB  by  the  hands,  a  succcasioa  ot  luniinouH  disuhargea  will 
be  seen  in  the  dork,  tltat  bear  a  reDuirkable  resciublaaue  to 
tho  flashes  o(  Itrat  or  n/u'^f  lightning, 

■jightnlllK  R<hIb.— A  rod,  or  wire  cable  of  pxid  ooaduct- 
in^  material,  placed  on  ttie  outmde  uf  a  bouse  or  othei-  sinic- 
ture,iQ  order  to  protect  it  from  the  effects  of  a  lightning  ilia- 
cliartte, 

Lightnin);  rods  were  invented  by  Franklin.  The  result  ut  a 
very  extended  inquiry  recently  made  on  the  subject,  leaves  no 
room  for  doubt  that  a  HghtMng  rod,  properly  conslnicted  and 
plai-ed,  alfurds  an  efficient  protection  to  tlie  buildings  on 
whidh  it  is  placed. 

To  insure  thia  protection,  however,  all  the  following  con- 
ditions must  be  carefully  fulfilled,  elae  the  rod  may  prove  a 
source  of  danger  ruther  than  a  protection,  viz. : 

(I)  The  rod.  generally  of  iron  or  copper,  should  have 
such  an  area  ot  cross  section  as  to  enable  it  to  cany  without 
fusion  Ihe  heavitut  bolt  it  is  liable  to  receive  in  the  latitude 
in  which  it  is  located.  When  of  iron,  the  area  of  cross 
section  should  be  ttbout  seven  times  greater  than  when  of 
copper. 

<S)  The  rod  should  be  continuous  throughout,  all  joints  being 
■  '  carefully  avoided.  If  these  be  used  they  should  be  [uade  ot  as 
low  resistance  as  possible  and  slioiild  be  protected  against 
corrosion. 

[3)  The  upper  extifunity  of  the  rod  should  terminate  in  one 
or  more  [tuiuts  formed  of  some  metal  tiiat  is  not  readily  cor- 
roded, ftiu'ti  OR  platinum  or  niirkel. 

(41  "TV  '.■"-■—  -—I  '■'  II "I  .ii."iii:i  i...  /-nri-ied  down  into 

Ihe  11  "  "f  moist  ground, 

,    when   '  :' il  metallic  sur- 

t  tnc*  III"  'I  :inHWi>i-fijrthe 

I    pUrpOW,  l..y(,  il  k'.'- "I" '''Jit'J|'l|"="'I-    ^•i:':"i'-    ihi' [■"NliOUlU 


be  placed  in  g-ood  electrical  connection  tberewith,  by  wrappinpl 
it  arouTid  aiui  soldering  it  to  such  pipos. 

This  fourth  requirement  is  of  great  importance  to  the  pro>l 
per  action  or  a  lightning  rod,  and  untc8s  tiioroug-hly  fulOlleT^ 
may  render  tlii>  rod  worthless,  no  mutter  how  care  fully  the  otha^  1 
requirement-s  are  attended  to.  When  a  bolt  strikes  a  ligbt<J 
ning  rod  whii.'h  is  not  properly  grounded,  the  discharg«is 
certain  to  destroy  the  building  to  which  the  rod  is  conoeoted.  1 

(5)  The  roil  should  not  bs  insulated  from  the  building,  ; 
less  to  prev''ijt  stains  from  the  oxidation  of  the  metal.  On  tb% 
contrary  it  (^hnuld  he  directly  connected  with  all  mossesof  metal 
in  ita  path,  surh  as  tia  roofs,  gutter-spouts,  metallic  comicea, 
etc.  In  this  way  only  can  dangeroiix  [lisruptive  lateral  dis» 
charges  froij]  tiie  rod  to  such  nia«sQa  of  metal  bo  avoided. 

(6)  The  rod  should  project  above  the  roof  or  higheat  part  of 
the  building,  or,  in  other  words,  the  lieightof  the  rod  should 
bear  a  i'ertain  proportion  to  the  size  of  the  building  to  be  pro- 
tected. A  rod  will  protect  a  conical  space  around  it,  the 
radius  of  whose  base  is  equal  toihe  vei-tical  height  of  the  rod 
above  the  ground,  but  whose  sides  are  curved  inwards  instead 
of  Iwing  straight.  Where  tlie  biiilding  is  very  high,  a  num- 
ber of  separate  rods  nit  eonnected  to  one  another  should  be 
employed, 

(T)  A  stranded  conductor  is  niucli  belter  than  an  equal  cross 
section  of  a  solid  rod  of  the  saaie  metitl. 

A  lightning  rod  more  frequently  acts  to  quietly  disciiarge 
an  impending  cloud  by  convectii-e  itiHch<ir<i<;  th,au  liy  an  ac- 
tual dinruptive  rftucJiurgc  of  tlie  same.  {Sf-o  Di.icharge,  Con- 
vedive.    Discharge,  Disruptive.) 

Lightning  i-ods  should  be  frequently  tested  to  see  that  no 
breaks  or  oxidation  of  their  jointa  have  occurred. 

LtghtniDK  Rods  for  Shlpn.— A  system  of  rods  designed 
to  afford  electric  protection   for  vessels  at  sea. 

Since  the  lightning  discharge  takes  place  between  the 
poisla  of  greatest  diSerence  ot  potential,  and  these  are  gener- 
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y  between  the  cloud  and  the  nooresl  |M>iiit  of  the  e^irth.  tall 
^jects  aJ-e  ospociftlly  liable  to  be  striiuk, 
i-  Ships  at  sea  should,  therelore,  be  thoroughly  proted«(l  from 

n  HurriH'  system  of  lig'htning  protection  for  ships,  the  rods 

'econnected  withaiteriea  of  copper  plates  and  roiisso  placed 

1  the  inaats  oa  to  readily  yield  to  strains.     These  are  elec- 

TU'ally  I'onneotcd  with  thecoppersheatliing  of  the  vessel  and 

Hh  nil Inrgr  maiueaof  metaliatbevstael.  Thia  latter  precaii- 

is  especially  necessary  in  the  case  of  men-of-war,  in  order 

loprotectthe  powder  magazine.   Harris' method  for  the  light- 

;  protection  of  ships,  which  was  adopted  only  after  very 

■DDsiderable  op]>09ilion,  proved  so  clEcacious  in  practice  that 

elfecte  of  lightning  on  vessels  so  protected  are  now 

unknown.    In  1845.  Harris  received  thu    honor  ot 

Ili(;hthood  from  the  English  Qovernment  fur  his  services  in 

A  lightning  rod  sometimes  fails  to  protect  a  house  or  ham 

from  the  fact  that  a  heated,  ascending  cnrrent  of  uir  from  a 

I  the  house,  or  from  the  gradual  heating'  of  green  liay  or 

ft'JBTuin  in  thi-  barn,  increases  the  virtual  height  of  the  house 

d  the  ability  of  its  rod  to  protect  it. 


U|(hlnlng,  Volcanic  - 


— The   lightning  dis- 


rtrgcs  tlint  attend  most  volcanic  eruptions. 

clightniDg  is  pi-obably  due  to  the  friction  of  volcanic 
list  jiarlicles  against  one  another,  or  against  the  air,  but  par- 
icularly  to  the  sudden  fondensation  of  the  vapor  that  is  gen- 
■  disengaged  during  volcanic  eruptions. 

[  Iilgliuilug,  Elczag.  Chain  or  Forked 

,c  commonest  variety  of  lightning  flashes  in  which  the  dift> 
Uirg«  apparently  assumes  a  forked  zigzag,  or  even  a  cluUn- 
mped  path. 

E  This  form  is  iinon  in  the  diiichargc  of  ft  Holts  n 

lltukmkorff  Iiidiu-tkin  C'viU 
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The  irregular  shape  of  the  path  is  probably  due  to  the 
resistance  of  solid  particles  in  the  air,  which  are  piled  up  in 
front  of  the  discharge,  or  to  the  effects  of  the  laterai  indmO' 
tion  that  is  proiiuced  during  the  discharge.  (See  InducHim^ 
Lateral.) 

U11C9  Neutral of  a  magnet. — A  line  joining' the 

neutral  points  of  a  magnet,  or  the  points  approximately  mid- 
way between  the  poles. 
Tliis  is  sometimes  called  the  equator  of  the  magnet. 
The  neutral  x)oint  is  the  point  where  the  lines  of  force  out- 
side the  magnet  arc  parallel  to  the  surface  of  the  ma^^et. 
(Hering,) 

Line,  Neutral of  Commutator  Cylinder.— A 

line  on  the  commutator  cylinder  of  Ji  dynamo-electric  machine, 
connoctin|2^  the  neutral  points,  or  the  points  of  maximum  posi- 
tive and  n^'gative  difTerenoe  of  potential.  (See  Dynamo^ 
Electric  Maeh  inc. ) 

Line,  Teleg^rapliic,  Telephoiite,  etc. The 

conducting  circuit  provided  for  the  transmission  of  the  elec- 
tric impulst's  or  currents  einployoil  in  any  system  of  electric 
transmission. 

LIneM,  Aclinic,  or  iNOclinic Linos  connecting 

places  that  have  the  same  magnetic  inclination.  (See  Aclinic 
Line.    Isoclin  ic  Line. ) 

LIneH,  Agonic,  or  Isogonic Lines  connecting 

places  that  have  an  equal  magnetic  declination.   (See  Agone.) 

Lines,  I§odynamlc (Sec  Isodynamic  Lines.) 

Lines  of  Electrostatic  Force. — Linos  extending  in  the 
direction  in  which  the  force  of  electrostatic  attraction  or  re- 
pulsion acts. 

Lines  of  electrostatic  force  pass  through  dielectrics;  whether 
the  force  acts  by  means  of  a  polarization  of  the  dielectric,  O*^ 
by  means  of  a  tension  set  up  in  it,  is  not  known.    (See  Fi$ 
Ekctrotastic,) 
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Unci  of  Force,  Dlrefllon  of Lines 

LBxteuding  in  the  direction  in  whifh  the  linea  of  magnetii-'  forte 
Litre  OBHumed  to  pass. 

Tho  lilies  ot  loagaetic  toroe  are  amumed  to  come  out  of  the 
^Morth  pole  of  a  magnet,  and  to  puss  in  at  its  »oulh  pole. 

The  hnes  ot  eiectroatatic  foive  aru  Btwumedto  pass  out  of  a 
i  jfutitivcly  charged  surface,  anil  inlo  a  negatively  chai-ged sur- 
1  Iwe. 


OF  ELECTRICAI. 


nergy  by  ftiH 


Local  Anion. —  In  a  btitteri/,  thp  loiis  of  energy  by  t 
irr^ular  anil  wasteful  Holutioii  of  the  zinc  or  positive  elciucnt ' 
by  the  elertrolyU'. 

The  looul  action  of  u  battery  is  caused  by  the  solution  of  tbe 
zin<!  or  positive  iilate  by  the  action  of  local  voltaie  couples 
formed  b)-  i^ouples  of  zinc  and  minut«  particles  of  ciirbon.  lend, 
or  other  impurities.  It  Is  remedied  hy  Urn  amatgamafum  of 
the  zinc.    (,Sl'«  Zinc,  AmatganiatioH  ofA 

la  a  dynamo  tl^rie  machine,  the  loss  of  energy  by  the 
setting  up  of  eddg  currents  in  the  conducting'  masses  of  the 
pole-pieues,  cores,  ot«.    (See  CurrenU.  Eddy.) 

In  a  dyuamo  electric  niiwltinp  local  action  is  obviated  by  a 
lamination  of  tin-  pole  pierrx,  armnUirc  core,  etc  (See 
LanUnatit/H  u/  Cun-a.  | 

Local  Ballcrj'.— (Soc  Battery,  U>cnl.) 

Local  Currents.— (Scf>  Currents,  Eddy.) 

LocaltKatlon  of  FaullM.— Determining  the  position  of 
a  fault  in  afelegnvpli  line  or  cable  by  i-alcniiitioiw  based  on  the 
fall  in  the  poteuti.tl  of  the  line  measured  iit  different  points 
or  by  loss  of  chiirge,  etc. 

For  ilescription  see  stiindard  works. 

Locomotive,  Electric ^A  railway  engine  whose 

motive  power  is  electricity.     (See  Rnilroud  Electric.) 

Locomotive    Hcsd-Llght,     Electric (See 

Head-Light,  Electric.) 

Lfkdcstone.'-A  name  applied  by  the  aneieuta  to  an  or« 
of  iron(magnetic  iron  ore),  that  natiiiiilly  possesses  the  power 
of  attractintr  light  pieces  of  iron  to  it. 

Lodestone,  or  magnetic  iron  o'-e,   must  be  regarded    as  a, 
magetiaable  substance  that  has  become  permanently  magnetic 
from  its  situation  in  the  earth's  magnetic  licld.    Such  beds  o' 
ore  concentrate  the  lines  of  the  earth's  magnetic  ticld  on  tt 
and  thus  become  magnetic 
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Lob.  Elo«-|Pie An  elofitriu  devioe  for   incnaiirins 

the  speeil  of  il  vi«bp1. 

Any  iog  tliut  operates  by  the   rotAlion  of  a  wheel  is  caused 

to  regislftr  tlio  number  of  i-otaUons  by  ust^p-by-atep  recording 
I  appui-atus  openited  by  breaks  iii  the  circuit,  made  during  llie 
i  rotation  of  tho  wheels,  at  any  given  number  of  turns,  say  100, 
loranyotlier  convenient  miiitiplc.  Such  a  log  may  bo  kepi 
f  oountantly  in  the  water,  niiJ  observed  when  required,  or  ilran 
I  be  innde  to  register  a  permanent  record  of  its  actual  speed  at 

my  time  during  the  entire  run, 

iMguTHttMm.—Tite  logarithm  of  any  given  number,  ia  the 
L  «xponout  of  tlie  power  to  which  it  is  necessary  to  raise  a  Hxed 
I  number,  in  order  to  produce  the  given  niwiber. 

A  table  of  lognrithnis  enables  the  operations  of  mulUpliwi- 
Pfion,  division,  and  Uie  extriwlion  of  roots,  to  be  readily  per- 
formed by  simple  mulliphVatioii,  division,  addition  or  subtrac- 
tion. When  Ihuroughly  understood,  logarithms  greatly  i-e- 
dui?ethe labor  of  mutheniiitical  calculations.  For  the  manner 
in  which  they  are  used  the  studont  is  referred  to  any  standand 

(work  oil  inaUisniatics. 
Longllade,  Electrical  Delermlnntion  of 
Hin   d  pie  ri  111  nation  of  the  longitude   of   a  jiIoi'-p,   by  ililT^r- 
#nces  ill  time  tietween  it  and  a  [ila<:e  on  the  prime  mi'ridian,  im 
liilllulUuKKmsly  doterminiil  li-legraphically. 

In  dctenninations  of  this  eliaructerallowAncu  must  be  mode 
|.  Tor  the  retarding  ritifts  uf  lung  Irlegntphic  lines,  or  cAblcH. 
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■.oxoilrograpfl. — ad  uppariiliiM  r<ir  (>)«ii?t 
on  paper  th«  actual  tourse  of  u  tiliip  by  llie  w>iuljme5ai 
niagnetisui  and  pUutography. 

IfUcei. — Plui-ul  of  liix,     {Sea  Luji.) 

E.UX.— A  namu  prupused  liy  Preecae  (or  the  unit  of  i 

BJty  of  illuminntion. 

One  lux  is  the  illumination  given  by  ualaiiiliu'd  candle  st  t| 
distance  of  13.7  inches. 

Onu  lux  is  the  iliuntiniition  givon  by  a  taiv-]  ul  tlie  ills 
of  one  metre. 

One  lux  IS  tho  illumination  given  by  a  liiniji  nf  1,000  Pa 
at  in5.8  feet.     {See  Illumination,  Unit  of.) 
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-hine  for  the^ 
velupment   of  elec 
ity  by  fiii^on. 
.\    frirtioiial  «lei 


valgum  ota 
ami  mercury,  lapT 
""■'"-  atB.    By  the  t 

of  llic  plate  the  rubber  hec-Otnes  negntrvelj-,  and  the  { 
|>oaitively  excited.  An  insulated  conductor  D.  cflUfld  \ 
jnrime  or  jMMtfft'e  eoiuiuelor,  provided  with  ucomb  of  pi'" 
bwomPB  positively  clmrgod  by  induction.  Tb* 
will  devi'Icjp  electricity  best  if  ii  cDiiJiictoi'  »tb' 


WOBIW,  TRHBS  AND  FRRARBS.  3 

'    nibbpr   is   conucctcd  with   tile  RToiind,   as  by  a  cliain. 


nurhlncH,   EIrcirosltitle   Indnrtlon 

t>r  Iiidurncc  MtU'lilneH.—Macliiaeii  in  wliidi  u  sinull 
J  iDiUal  chargfi  |)roiiup«3  a  greatly  incroased  oliarge  by  iIm  in- 
I  ductive  actjoD  on  a  rapidly  roluted  disc  of  glusH. 

An  «xcellent  type  and  example  ot  such  n  machine  is  [ound 
I  in  the  Holtz  machine  which  consists  of  the  following  parts. 
\  t»  shown  in  Fig.  273,  vix.  : 

(1)  A  stationary  glass  plati?  A,  llxed  at  its  ed^s  to  insulaleil 

■  supports. 

(S)  A  ntovable  plate  B,  capable  ot  nipid  rotation  on  a,  hor- 
izontal axis,  by  a  driv- 
ing pulley. 

(3)  Armatures  of  var- 
kninhed  paper/./. 
1  }ilucedonop|)o»ileHiilca 
f  of  the  fixed  phittf  at 
or  windows  P,  P', 
II  the  plate.  The 
I  ftrmalures  are  plii<:ed 
i  on  the  side  of  the  dxi^d    i 

■  plate  away  from  the 

■  aiorinif  plato,  or  on  the 
■back  of  tho  plat«.  no 
I  Biat  tho   plate,   on  \U  ^'■'J-  ■' ' 

|rotutiun,   movps  towurdu  longitte  of  pajter   iitlwhed  to   (hi> 
niddlo  of  lilt?  amiatiiri: 

I  (4)  Metal  ronilis  placed  in  front  uf  the  movable  dini-'  oppo. 
I.ur.>ji,  aud  («nniu.'led  witli  the  bmss  Ualis  ni,  n, 
is  movable  towards  and  from  the  other  by 
iltly  Mipportad  Insulating  handle  connected 
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A  small  inllinl  chEU-ge  in  trivoa  to  oui>  of  tbi-   Anuatuivs  t 
holding  »  plaLi-  of  electrified  vulcanite  on  it,  an<)  rotating  tl 
machme  jr/ji'/.'  the  bulla  m,  n,  tireinmntaet.     / 
machine  is  iliurgod  tiie  balls  are  gradually  sejuiralFii,  wlieo  ft 
torrent  of  ai>iu'ks  will  pass  between  tlii^ni  su  long  us  the  pla 
is  rotated. 

When  th>'  bulla  are  Heparalt'd  too  far  tlie  sparks  t 
pass.    The  Intlls  must  then  be  u^iin  brought  into  conta4?t  a. 
gradually  s<^|)!Lrii,tiHl  as  befoi'e. 

The  Holtz  machine  can  be  regarded  as  a  revolving  electro- 
phoruB  provicied  witli  means  for  constantly  discharging'  and 
recharging  lb<?  iipju-T  iimtajlic  plate.     (See  Ehclniptttrruit). 

The  action  el  the  machine  is  well  described  by  S.  P.  Thomp- 
son in  his"  Elementary  Lessons  on  Electricity  and  MagnetiBm,'* 
as  follows : 

"Suppose  ft  small  +  charge  to  be  imparted  at  the  outset  to 
the  right  armature  /;  this  chargu  acts  inductively  across  the 
discs  upon  the  metallic  comb,  repels  idectrieity  through  it, 
and  leaves  the  pointe  negatively  eloctriflpd.  They  discharge 
negatively  electrifled  air  upon  the  front  surface  of  the  mov- 
able disc ;  the  repelled  charge  passes  through  tlie  brass  rods 
and  balL;,  and  ix  discharged  througli  tlic  left  comb  upon  the 
front  side  of  the  movable  disc  Here  it  acts  inductively  upon 
the  paper  armature,  causing  that  part  of  it  which  is  opposite 
itself  to  be  negatively  charged  and  repelling  a  +  chai-ge  into  its 
furthest  part,  viz.,  into  tlie  tongue,  wiiich  being  bhintly 
pointed,  slowly  dischai-ges  a  +  charge  upon  the  baefcofthe 
movable  disc.  If  now  the  disc  be  turned  round,  tliis  +  charge 
on  tlie  back  comes  over  from  tlie  left  to  the  right  side,  in  the 
direction  indicated  by  the  ai-row,  and,  when  it  gets  opposite 
the  comb,  increases  the  inductive  effect  of  the  alreatly  existing 
4-  charge  on  the  armature,  and  therefore  reiiels  more  electricity 
Uirough  the  brass  rods  and  knobs  into  the  left  i.      Mean- 

time the  —  charge,  which  we  saw  hod  be 
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arm iit lire,  has  in  liii'H  lu-ti^d  oil  th»  \vU.  cinili,  cuiising  il  -{- 
charge  to  be  ilisiThivrgcd  by  the  pointH  upon  Ihi?  front  of  the  disc ; 
and,  drawing  electricity  through  t)ie  bnus  rods  and  knobs,  boa 


«  highly  — ,  increasing  the  diis- 
r  upon  the  front  ol  the  disc,  DeU' 


mude  the  right  cuiiib  litill 
charge  of  —  ly  i*lectrilled 
tralizing  the  -f-  cliiirge 
which   is  lit!) Df;  con- 
veyed   over   from   the 
I   left    These  actions  re- 
I  Bull  in  causing  the  top 
I  bttlf  of  the  moving  disc 
I   to  Ix!  —  ly  electrified. 
I  The    charges    on    the 
I  front  serve  m  they  iire 
I   carried   round,  to  neii- 
I  traJize  the  electric  it  iea 
I  let  off  by  till!  poinltt  of 
I  the  conitis,  while   llie 
I  charges  on  tlie  back,  m-  -"o-  "»■ 

espectively  in  the  neighborhood  o(  each  of  tlie  nrmn- 
Ltures,  ttervi'.  when  ttic  rotation  of  the  disc  conveys  tiiem 
iTOiind,  to  increase  the  inductivo  influence  Mf  tlie  rharjj-e  on 
^ihe  other  urniature." 

The  student  will  he  aided  in  following  Prof.  T. 's  cxplunation 

by  thrdiiignunmalicslcetch,  shown  ui  Fig.  3T3,  Here  the  rotut- 

ling  pUtn  ia  shown  for  convenience  ;n  tlia  forMi  of  a,  cylinder. 

o  armatiuvH  are  shown  on  the  back  uf  the  plate  ut  /  and  /, 

laita  tiie  brass  noUucting  oonibs  F  and  P,  with  thf  ir  dia- 

^ng  rods  and  balls  n  n. 

e  Bfr«ct  of  the  po«itiv*  ctiarge  given  tu  tJii.>  right  hand 

■ef.  directly  Ihrough  ibr  combs  F,  rods  a  it,  conili  P. 

L  Imnd   nmmtiin^  /,   is  reudily  seen.     The   rotation  of 

ntn  bning  ^n  the  dirncLmn  of  the   (curved   arrows,   the 

ging  uf  th>*   frunt   of  tho  plal'>   by   c^onvectlon   filreams 

iJiiibH,  und  thi-  liiM-'k  of  lli^  pliili-  from  I. 
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of  the  papi'L-  lu-nintur^,  as  nfM  lut  the  character  of  Uwfl 
charge  will  li.;  uuderelood.  Thoi*  thuH  rpsultB,  iuis«ho«i 
a  positive  cliiir)^<  on  both  the  front  and  biidc  of  the  uppc 
half  of  the  rotating  jilal*;,  and  a  negative  charge  on  b 
Bides  of  its  lower  half.  A  revei'sal  of  p<ilaritj  of  theplnl*  J 
occurs  lit  till.-  line  P  n  ii  P',  Sometimes  the  reveraal  docs  not  ■ 
oc<?ur  and  1h'^  iiiachiDo  either  loses  its  charge  entirely,  or  I 
in  part.  A  tondut'tor  S  S,  funiiiihed  with  points,  in 
provided  to  l^'ssen  the  chances  of  lack  of  reversal. 

Mactalni-ii.  FitrHdlr (See  Farn/li'c  MftcJiines.) 

IHade  Clrrull.— {See  CircuU.  Cloged.) 

IMaRnc^^rfittalllc  Aptlon, — A  term  proposed  hy  Fara- 
day (o  express  the  differences  In  llieat'tion  of  magTietiain  on 
crystalline  lioilies  in  different  directions. 

A  needle  of  tnm'muline  if  hun;^  with  its  iixis  horizontal  is  no 
longer  ]>nniin;iKnetic  jis  nsual.  lint  diatnaffnetip,  Tlie  same  la 
true  of  a  cry.stji)  of  liisniiitli.  Fjiraday  eonchided  from  these 
experiments  thut  a  force  existed  distinct  fifim  the  paramag- 
netic or  diamaj^netic  force.  lie  called  this  (he  inrrpnc-oryg- 
tallic  force. 

PIflcker  infers  from  these  phenomeniilhrit  a  definite  relation 
exists  between  Uie  uUimiile  form  of  the  iinrtielfs  of  mutter 
and  their  magnetic  behavior.  The  siiliject  may  be  r^arded 
OS  yef  somewhat  obscnre.     (See  Diaiiingnclic  Polarity.) 

Hairnel. — A  body  |x>sseHsing  the  power  of  attraciing-  the 
imlike  poles  of  another  magnet  or  ri'pi>lling  the  like  iH>les ;  or 
of  attracting  readily  niagnetiaible  bodies  like  iron  Tilings  to 
either  pole. 

A  body  possessing  a  magnetic  field. — [See  Field,  Magjtelu:} 

The  lines  of  force  are  assumed  to  jiass  through  the  magnetic 

field  out  at  the  north  pole  and  in  at  the  south  pole.    All  linesof 

force  form  closed  magnetic  circuits.      If  a  magnetizable  body 

is  brought  into  a  magnetic  field,  the  lines  of  magnetic  force 
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are  concentrnled  on  it  anil  pass  thi'oiigli  (t.  Tlie  Iwdy  lliivi-ii- 
fore  becomes  mugnelic.  The  intensity  of  l}ie  resulting 
niagnetUm  depends  on  the  number  of  tines  of  forue  that  pnss 
tlirou(;li  the  body,  and  the  polarity  on  the  direction  in  whicli 
they  posH  througli  it. 

Masnel,  Anonialou* A  magnet  which  pos- 

sotsieH  more  than  Iwo  polus. — (Sep  AnomalouK  Magntl.) 

nacnet,  Antliclol A  magnet  prwtuwii  by 

indtif'tion  from  anotlier  magnet,  or  from  an  electric  inirrent. 

Any  nii^niet  not  found  in  nature  ia  callnl  lui  arlifioiul 
magnri, 

Maenet,  BkII  Shapml A  tuodilieation  of  n 

horseshoe  shaped  magnet  in  whidi  the  npprouchud  ikiU-h  ai'c 
semi-annular  In  shape,  and  form  a  split  tube. 

Bell  magnets  are  used  in  inanygalv-anDmet«rs,be4iaiiHethey 
cnn  be  readily  dampened  by  surrounding  Ihem  by  a  milss  of 
(vi)per.  The  needle  in  its  luotion  produi^es  currenta  tliat 
tcnil  to  ajipoRo  and  tJierefore  to  slop  its  motion.     (See  Lrnx'it 

Ma|[n«l  CTiillii.— The  coils  of  insulated  n-ire  siii-mMnding 
the  Miro  of  jtn  eli^tro  magnet,  and  through  which  Uh-  hlii^;- 
netizing  ciirreut  in  piLssed. — (.Sicn  Mnipirliirm,  Amph-r'a  Thrary 
of.    t>snam'i  Electric  Machine.  Fitid  Magnftx.) 

Hafnol,  CampcnmtinK A  magnet  placed 

uTer  a  luugnetid  needle,  genei-ally  over  the  magnetic  needle 
ot  a  galvanometer,  for  the  pur|K>si!  of  varying  tba  diruction 
and    Intensity   of   the  mngnetic   force  of   the   corlb  on  Uie 
nenJIe. — (8«i  Oiilriinitmt-ter,  Reflecting.) 
I       Amognet,  calleducom^cniwifini/maf/nef.  iKsometiineH plactfd 

on  »  ship,  noiir  the  conipnss  needle,  fur  thi'  purpose  ot  nnj/Mjt^ 
\  Itlng  the  locul  v.irlatjnn  produced  on  the  compaM  Bll^^^^l 
I    the  magnetism  of  Itie  8hip,  ^^^^^^H 
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Magnet,  Cnnipound A  number  of  sjaglf '  | 

magnetK,  |>la<'oil  [Kimllel  ^lud  with  tlii.-ir  Himiliu- poles  facing   1 
one  anothei',  ^i^  hIiowu  iu  Fi^.  374. 

CompouDil   iiiugnulB  are   Htronger   in   proportioa    to    tliT>ir 
weight  thaii  »itig1c  ino^i^ts. 

IHacnet,  I'llwiro -A  magnet  pruducfvl  by  the 

.n.— (Sm 
Eleclro-Ma-jiiel.) 

Magnet.  Ilor*cMhoe (See 

Horgenliue  Mugrmt.) 

Mngn«l,   Keeper  or (8»e 

Keepvr  of  Magnft.) 

Magnet,    Permanent A 

niiignet  of  harJeni'd  ste*;l  or  other  mih- 
stiini'e  whii^li  reliiinn  its  niag'n<>tisni  for  n 
loni?  time  after  being  magnetized. 

A  iiermcincnt  niagript  is  distinguhhed, 
ill  Ihia  reapept,  from  a  Inntpoitiry  magnet 
iif  sitfl  iron  wJiich  kisfs  its  niLig-netization 
viT,v  shortly  ufli'i'  hi'iiiR:  taken  from  the 
magnetizing-  Keld. 

Magnet,  Porl«(ltcI\»»-«ror 

Fig.srh. q.,,^  HftiiiK'iiowtTofamftgnet. 

T\\e iHirtative,  or  lifting  power  of  ii  miignet,  dc>pi>nd»  on  tiie 
form  of  tlie  magnet,  as  well  as  on  Un  Hlrength.  A  horseshoe 
magnnt,  for  <;xanipie,  will  lift  a  much  greater  weight  than 
the  same  magnet  if  in  the  form  of  a  straight  bai'. 

This  is  due  not  only  to  the  mutual  action  of  tlie  appi'oai:hed 
poles,  but  also  to  the  decreas<'d  resistunoo  of  the  magnetic 
circuit,  and  to  the  gi-eater  number  of  lines  of  magnetics  forcf 
that  |>asH  through  the  armature. 

The  portative  powi 


Magnet,  Receiving  - 
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Mafnivli  Simple  — 


— A  siin^li-  [nugnetized  bw. 


nngnel,  Solcnoldal  — ^ -A  long,  thin,  uniformly 

miLgiietized  ntroig-ht  bai'  of  uteet.  with  its  poles  at  its  nxtreiiii- 
tipa,thatacts  on  external  objects  as  if  aqualiinii  opposilo  quiui- 
Ucs  of  iniignetisni  were  collected  at  its  extreniitieu. 

It  derives  its  name  nolenoidnl,  frooi  tlie  similarity  between 
its  action  and  that  of  a  mlenoid.  Unless  very  carefully  mag- 
netised n  mu^net  will  not  act  as  u  solenoidal  magnet  (See 
Eleetm-Magncl.     Siilenoidal  DatTHbuUoa  of  ilngnctimii. ) 

Hasncl,  Tabular or  Iron-CInd  MiiBnei.— 

A  form  of  horseshoe  magnet  in  which  one  pole  in  brought 
near  th"  opposite  pole  bya  hollow  i-ylinderor  tiilie,  which  is 
placed  in  contj<.'t  with  one  of  ttie  ma^fnetic  [ulee,  so  as  to 
u>mplete1y  ttiirround  the  other,  except  in  the  plane  of  cross 
section  of  that  pole. 

There  is  thus  obtained  a  magnet,  with  two  contentric  poles, 
one  solid  and  one  annular,  the  portative  power  of  wliieh  is 
niui;h  greater  than  that  of  a  horseshoe  niagnet  of  ciiual  di- 


Mogneiir  Attraction.— (See  Allrnction,  Magnetic.) 
Magnetic  A«Is,— (See  AxU,  Magm^ie.) 
MngnelU-  Axlmulh. — (See  Atimulh,  XngaHK.) 
SlHsnelU-  Batter)  .-H See  Battery,  Magnetic.} 
nagnelff  Brldxe.^iSoe  Bridge.    Miignrtio.) 
Ulasnctlr  Clreull.— (See   Cirevit.  Mugnetiv.) 
na|[IM^»v  Couple, ^See   Couple,  Mngwtie.) 
Hocnclle  tnrvc*.— Curved  linua,  formed  by  spriukling 
iron  tilings  on  a  sheL-l  ot  piiper  or  glass  held  in  the  Held  of  a 
nugni't,  and  gently  tupping  the  lutme  so  oh  to  pvi-mit  the  nl- 
ings  lo  arrange  themselves  in  th«  dirMction  uf  the  liueo  of 
c  force.     (Sec  Figaren,  ilagnetie.) 
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Magnetic  UevllnRllon.—The  luigular  deviatioa  of  the 
nuigiietic  needle  to  tlie  east  or  west  of  the  true  geographical 
north.     {See  Needle.  Dfdinnlian  of.     Declination  Chart.) 

Mognellc  Density. — (See  Dcnisity,  Magnetic.) 

niwnelle  Dip.— (See  Dip,  Magnetic.) 

Milgnelie  Esplorer.— (Sec  Explorer,  Magnetic.) 

Rf  ugnelic  Flelil.— The  utmoapliert^  of  :nu(;nctic  influence 
which  suiToiuidti  the  poles  of  a  magnet 

Any  Hpai.'e  traversed  by  lines  of  magnetic  force,  forma  a 
magnetic  field.     (See  Field,  Magnetic.) 

Maitnellc  Flgureit.— (See  Figures  Magnetic.  Field,  Mag- 
netic-) 

MagneUc  Filament. — A  polarized  tine  or  chain  of  ulti- 
mate msi^netic  particles.     (See  Filnmeiit,  Mngnetic.) 

Magnetic  Force.— The  force  which  causes  m&gneti 
tractions  and  repulsions. 

Magnetic  Inellnatlon.^The  angular  deviation  from 
a  horizontal  position  of  a  (rifely  suspended  niagaeUc  needle.. 
(See  Dip  of  Needle.     Jnetindtion   Chart.) 

Magnetic  Indnetlon,— The  mognetiEation  of  mogneUc- 
able  substances  by  bringing  them  into  a  magnetic  Held.     '" 
Induction,  Magnetic.) 

AlBgnetle     Inertia.— (Se^     Inertia,    Magnetic.      Lag, 

Magnetic.) 

Maginotlc    luteualtf. — (.tiee   Intensity    of    Magnetiza- 

Mugnelle  Lag.^See  Lag,  Magnetic.) 
Magnetic   Leakage, — Useless  dissipation  of  ljn.< 
oitignetic  force  outside  that  nnrtion  of  tin)  fleld  of  a  dy 
(lit!  portative  power  increases  as  the  ^^^^^^  moves, 
creases.  Tlcioncy  of  the 

Magnet,  Receiving or  Relhio.) 


llBinellc  lllB«ie«.— <8ee  Mombs.  MagnetiF.) 
natcnello  Menii>rj', — Atcrm  prtipoueil  hy  J.  A.  Fleming 


for  c 
Softii 


*  fnr 


a  lias  but  u  feeble  memorj'  ut  its  pa.st  magnetization. 

Magncilt!  meridian, — The  niug'uelic  meridian  of  any 
iplaceis  the  meridian  which  passes  through  the  polios  of  a  mag- 
■  46110  ueetllc,  when  in  aponitioD  of  rest  under  the  free  inBueaci?' 
I  of  the  earth's  magnetism  at  that  plac«. 

The  plane  of  the  magnetic  vifHdian  of  ii  place  in  a  vertical 
I  plane  passing  through  the  poles  of  a  m^netii;  needle  in  a 
Epositiouof  rest  under  the  free  influence  of  the  earth's  maji;- 
[  netism  at  tliat  place. 

Magnetic  flloment.^The  magnetic  [uomcnt  of  a  ma^- 
fnetio  ncRdle  is  the  protlwt  of  one  of  I  he  two  forcea  of  the 
I  dt'recN'ce  emiplr,  multiplied  by  the  perpendumlar  dUlance  be- 
M  tteetn  the  dirtrlitmg  of  (ftcjte  fornea  ;  or,  in  other  words,  the 
I  iDomHnl  of  a  mugnt^l  Ls  equal  to  ila  length  multiplied  by  the 
1  intensity  of  the  niugnetifim  of  one  of  ita  poles.  (See  Couple, 
I  Magnetic). 

naynellc  Obneriolory.— {See  Obsematorg,  Magnetic) 

Sflnsnetle    PermeBbillfr. — Couductibilily  (or  lines  of 
magnetic  force. 

Iron  is  a  suljstance  which  possesses  great  mu^olic  permea- 
bility. Wlien  placed  in  a  magnetic  Deld  tho  lines  ot  force 
I  arc  conoentralcd  on  and  readily  pass  through  its  mass,  or,  in 
L  OthiT  words,  its  malefic  rcsurfnnce  is  low.  All  2><"'aiHag- 
Lnetie  bodie»,  have  a  high  magnetif  permeabUit]/.  (See  Par- 
[■  atiiagnrlii') 

nuRnvti*-  Pole*.  FHlRe (See  FaUe  Pole;  Mag- 

[  netic.i 

niMCncllo   Re  I H  el  Mil  cc.^- A  Icr 
Y  plBC«  of  magnetic  rvsbtance,  to  expre 


400  A  DicnoxART  or  blectricai, 

by  a  medium  to  the  passage  Uirough  its  mass  aT  the  lines  o 
magnetic  !on>: 

MBCnetliili.    ReMlfluHl —The  small    amount  of    ' 

magnetism  ri^tujiied  by  soft  iron  ivlien  removed  from  a  n 
netizing  n?1d. 

Maynotlc  ReHl»Ian<«.--ItesiBtam«  offered  by  ftmedium 
to  the  posBagi'  of  the  lines  ot  magnetic  force  through  it. 

The  magnelio  I'esistanfe  of  the  circuit  of  the  lines  o(  force  ia 
reduced  by  (oi'iiiing  the  drciiit  of  a  medium  having  a  high 
nutgnetic peniieabaUy.BWh  lusoftiron.  ThiaiiiatH^ompliHhed 
by  the  armature  or  keeper  of  a  magnet,  or  by  the  iron  in  an 
iroHdad -magnil ,    (Si-o  Irim-Clad  Magnet.) 

Magnetic  Releniivitj-.— <Sg<^  Setimlifilg,  Magnetic} 

IHacnctlc  Saturation.— Tht?  i:ondition  of  iron,  or  other 
paramngnetic  HubHtaocf,  wlx-n  i(s  intensity  of  niag-netization  is 
so  great  that  it  (ails  to  be  further  magnetized  by  uny  magnetic 
force  however  great. 

1  electro-magnet  is  satm-ated  by  the 
jrrent,  the  only  fiii-fher  increase  of  its 
possible,  is  that  due  to  tht;  magnetic 
irrent  which  may  be  sent  through  its 
coils.     This  is  comparatively  insigniflcaiit. 

A  magnet  is  nometimes  said  to  be  siiiKr-aafurated,  that  is, 
to  have  received  more  magnetism  than  it  can  retain  for  any 
considerable  time  after  ita  magnetization. 

Magnetic  Screen,  or  Sbleld. — A  hollow  box  whose 
sides  are  made  of  thick  iron,  placed  around  a  magnet  or  other 
body  so  a«  to  cut  it  off  or  screen  it  from  any  magnetic  field 
external  to  the  box. 

Magnetic  screens  are  placed  around  delicate  galvanometers 
to  avoid  any  vai'iations  in  their  field  clue  to  extraneous  masses 
of  iron,  or   neighboring  magnets.     They  are  also  sometimes 

laced  around  watches  to  shield  or  screen  the  works  from  tl 
ects  of  magnetism. 


When  the  c 

passage  of  an  electric  ci 
magnetization  that  is  ] 
field  of  the  increased  ci 


To  ftct  elTi^ivelj',  wlieu  l.lii;  external  (lelds  ur«  at  all  power- 
1,  nuii^etk*  screuOH  iniiBt  b«  made  of  tln'ck  iroa.  They  ililTer 
I  tliis  respect  fi-oiu  electrostatic  xhielda,  nluch  will  utfoitl 
roteution  ugiuiist  eleclroststic  chargL-»  although  they  may  be 
Mil  mere  lltnie.  (See  Shields,  Elrctrnstntic.) 
MMSnctlr  Staelb.— A  ^heet  or  layer  eonsisting  .>f  niag- 
0  purticlen,  all  of  whose  nortli  poles  are  situated  hi  one  of 
\hc  Hat  siirfautw  ot  the  sheet,  and  the  south  ihiIch  iu  the  o|i|>u- 
(8ee  Shell,  Magnelir.    tAtmellar  Dialribulion  of 

SlnsnelU-  SolenoldN.— A  spiral  coil  ot  wire  which  ax\^ 
a  lua^ni't  whna  an  eli^ctric  current  pusses  throug'h  It.  (See 
'Solenoids,  Electro-Magnetif.) 

Magncltc  Soundn. — Faint  cUckg  heard  on  the  iiiagn<-ti- 
n  of  a  readily  iiia^'uetizable  Biil>sta>ii'<>. 

One  of  the  earlier  (tirnis  of  Heis'  telephone  0[ieralcd  hy 
IK  of  a  rapid  succession  of  these  faint,  niii^netic  sounds. 

nugnellv  St nrmR.— Sudden.  Init  small  and  irregular 
rariations  in  the  intensity  of  the  eurtli's  magnetism  that 
b^niltuneously  uITli'I  all  ])artn  of  tlie  earth. 

Magnetic  stortiis  have  been  observed  to  aoconipiuiy  auroral 
l)B|ilays,  and  U>  he  L'oiiii'ident  with   the  oocurreuo;   ot  sun 

r  imuxual  outburstA  of  solar  activity. 
I  XlKCnellc  Siuii>e|»tlbllitr.— The  i-elation  w  hie h  exists  be- 
rungtli  of  the  magnutiKing  Oeld  luid  that  of  the 
luogueUsud  holly,  or  thi>  inlt'iisity  of  tlie  luigneUHm  induued, 
dividid  by  tlie  iiitenBily  of  IJiu  inducing  field. 

Wlieii  the  inducing  flvid  hiw  unit  stren^h  ot  niagaotisft- 
L  tJiB  magnetic  susceptibility  will  mtHwiire  dirwcUy  thd 
cngth  of  thu  magnetlziLtion. 
I  Wh^-n  a  bar  ot  inm  is  placed  In  a  uiag(i«tlc  Oddr  j^ 
rviuled  by  tJie  linno  of  magnetic  force,  and  Utu 
•^iictizcd  by    ifiduclion.      This  Indootioa   vdQ 
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depend  both  i>n   tlin   niinihnr  of  lini'H  of  fuivi-  in  thf>  n 
izing  Held,  uiul  on  tlie  vumnetic  pertat'dbUity  ot  the  ti 
■zed  body  ;  or.  m  uthi^r  words,  thu  iniiiietioa  in  equal  to  tl 
product  or  the   int4'ii8it3-  uf  the  mngnetiiuuK  H^ld    and   t 
mn^nplic   (H'rmeAbility  of  Uir  body  in   which  Uic   inductiol 

MnffnetU-  VMiMllon*.— VariHUona  in  the  viUue  ot  t  ^ 
magnetic  iji'i-/fn(ffi(>n,(>r  I'utJinnt  ion,  thiUoixut' si  tuultaaeoiu^ 
ovei'  ait  parts  of  the  enrth. 

These  vui'iatinnB  are  : 

(1)  Seoulur,  or  tlioBe  occurring  at  great  cycles  of  tinaa. 

(2)  Annual,  or  those  occui'ring-  at  ilitferent  seaaona  of 
yea:', 

(3)  Diurnal,  or  those  occurring  nt  different  hours  of  tha 
Aa.y,  and, 

(4)  Irreguliu".  or  tiiose  iv.'coiii|>itnyini;  in!4;iietic  storms.  The 
fli-st  thri'c  are  [M'l'iodifiil ;  the  ijist  in  irrt-giilar.  (See  Angle  of 
Dedinalion.     Variation  Vliiirl.     ladiaatioa  Chart.) 

naf  lictllc— MaKiietio  o-xiil..  of  iron,  or  Fe,  O,. 
Lodestone  consists  of  piei'i-s  of  magnetized  magnetite. 
nagneto-Elei'(ricUj'.—l^lt.-ctrioity  produced  by  the  mo- 
tion ot  magnets  past  condiiclors,  or  of  conductors  past  mag^ 

nagneto-Electric   C^ll    Bell.— An  electrio  call  bell 

operated  by  curi'HDts  ju-oduced  liy  tlie  motion  of  a  coil  of  wire 
before  the  poles  of  a  permanent  magnet. 

Magiici»-Electrlc  Induc-llon.— Ele>:tric  induction  pro- 
duced by  the  motion  of  a  condui'loi'  piust  ii  iwrinaneot  magnet, 
or  vice  versa.     (See  Induction,  Electro  Magnetic.) 

Hacneto-Eleclrlc  BlBclHne.— A  dynamo  in  which 
currents  are  produced  l)y  the  motion  of  armature  coils  past 
permanent  magnets.     (See  Dynamo  Electric  ifachtne.) 

HagnetoKraph,  or  Self-Reeordlng  Magnet* 
tar. — A  self-recording  apparatus  by  means  ot  which  the 


ftnd  hourly  varialiims  of  the  magnetic  needle  are  contininiugly 
Kgisteivd. 

TliB  ma^etograiiih,  as  employed  in  Ihe  observatory  ul  Kew, 
OoiwisU  i?it3enti)UIy  ot  a  photographic  re<K)rd  of  a  spot  of  light 
reflm^toil  fro[U  a  mirror  attached  t<i  the  needle  whose  varia' 
tions  »i'c  to  be  record- 
ed. The  photographic 
recoi'd  is  received  on 
A  strip  of  Rensitized 
paper,  maintained  in 
uniform  and  continu- 
ous motion  by  means 

>   of  nuitaldeolockworii. 

I  The  record  BO  obtaiaed 

L  Is  called  u,  vmynvtii- 

—  An    appHialus   for 
Itho    measureme. 
I  inagnetifT  fon.-e  by  Ihe 
I  torsion  balance 

!    principles  of 
Bthe  operation  of  Uie 
inagnetoRiptcr  hi 

as  those  of  the 
rt  luilanee.    (Bee 
niaaeif,  Cottkrmb'* 
(fun.)    A  mag- 
Icl  N  8.  Fig.  37^,  is 
ispcndrd  by  a  single 
rv,  uuil  the  mugnel  ^-  *"■ 

f{,  whose  slrengtti  is  to  !>■■  measured  is  introduced  in  an  opeit' 
;  at  the  top  of  tlie  g\sui»  cage,  in  place  of  tb?  priHif  plaaa 
yhich  is  iiMut  when  thu  uppitrntiis  Id  employcid  for  tneasarlo 
^c  force  of  eluctrostutk  aUntcUon  and  repulsion, 


totha4 

ether  ^ 
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In  delicati'  magneto  in  eti^i-H,  the  construction  of  «rtij<^  difl__,. 
considerably  fmin  th«  form  shown  in  Fig.  UTS,  llie  deSeelJon  * 
of  the  nia(.-iipt  is  ni 0381111.1:1  by  a  beam  of  IJ^t  rvBected  from  a 
mirror  attm-heil  to  the  axis  of  BUHpension. 

Macneio-Oplic  Rotalloii.—The  rotation  of  the  jilMie 
ot  polaria.lion  of  a  beam  of  light  un  it**  pa^ai^  tUruu^h  k  J 
transparent    medium    placed    in    u    sti'iiog-    magtietic 
which   meiiiiitii  only  possesses  sui;li    properties   while  ii 
Aeld. 

In  a.  ray  ot  ordinary  light  th«  vibratioas  ot  the  ether  pguti-4 
cleaareat  lii^ht  angles  to  the  direction  of  tite  n 
direction   in    whirh    lli.'  li;.'lit    1^4   moving.      Siicoessiva  ether   1 
particles  thm  II-    H'M-   'Ii.^   i<  iih '>r  llie  i-ay.  do  not,  however, 
perform  thi'ii  luic  pluiie.     Eiu.-h  successive 

partlde  movfs   in   a  jilain'    wlu,:li,  thougrh   at    right  aog'les 
to  the  ray,  issli);liily  incliiicd  to  the  m-ighboring  particle. 

The  motion  of  the  piirtiiles  therefore,  would  describe  a 
screw-like  path  llii*oiigh  space.  Under  certain  circuniBtances, 
all  the  ether  |)ii,rtii:lt>R  may  be  caused  to  move  in  planes  that 
are  parallel  to  one  another.  Such  a,  beam  ot  light  is  called  a 
plane  polarized  beam. 

A  plane  polarized  beam,  when  puKScil  tlirot^h  many  trans- 
parent substances,  will  have  its  etliL-r  [Hirticles  vibrating  in 
the  same  plane  when  it  emerges  from  the  iiicdiiun,  aa  it  had 
befori!  it  entered.  Other  Riilistance«  possess  the  property  of 
rotating  or  taming  the  plane  of  }n>larization  of  the  light  to 
therightorfo  the  left  This  property  is  ciLlled  respectively 
right-kaniie't  rotary  polarization,  and  left-handed  rotary 
polarization. 

Many  substances  tliut  ordinarily  possess  no  jiower  of  rotary 
polarization  acquire  this  powc['  whi.'u  pUiced  in  a  magnetic 
fleld.  This  property  of  a  magnetic  field  was  discovered  by 
Faraday.  The  effect  is  to  be  ascribed  to  the  Htiuin  produced 
in  the  transparent  medium  by  the  stress  of  the  inagnetio  flaldi 
It  may  be  caused  ia  solid  bodies  by  mechanical  force. 


trOftDA.  VaalB  Aim  FSRABflB.  4lK 

The  appaiutu'^  tor  demonstrating  the  rotation  of  tlie  plane 
^f  polaiinatiun  by  a  magnctio  field  is  shown  in  Fig.  276. 

A  powerful  eledro-ma^netM,  N,  ix  provided  with  a  hollow 

core.     Tlie  siibataQce  c,  is  placed  in  r,hi>  lli>ld  thus  produced 

by  llie  a[>proii('hed   poles,   and   ita  action  on   the  light  of  ti 

'   iMtnp,  pliLLod  opjioHiti^  at  /,  in  oltRerved  byeiiitabte  apparatus 

"  HI B([li«'lo phone, — An  apparatus  for  measuring  the  uum- 
Wt  I'l  brtsiks  or  interruptions  of  (i  riroiiit  by  the  pilfh  of  the 
iiiiisiail  note  hi-ard  in  an  eltfctni-nuignrtiii  Mi^plione.  plin.'ed  in 
Biicit  <urcuil>    (See  Telephone,  Electro-Ma^nelic.) 


Ftt-m. 
iiiitu'  apparntiiB  is  useful  in  sliidying'  the  di.tlribution  of 
lO  magnetic  Held  of  a  dynamo  el  I'd  rk' machine.  In  Ihiainae, 
Asmall  thin  nij]  of  insulated  wire  in  held  in  thn  illlT'-rent 
a  around  the  riiadiiiie.  while  the  Ulejilione  is  lield  to  the 
iroftlieolKwrver.  Ha^etieleulcage.oruscleHH  itisHipaUonot 
!So(  mngnetie  fonv  oiiUide  the  field  proper  of  tlip  nionhitw, 
■  Di  onfe  nmdpri>d  manifcitt  by  tlie  musical  note  causad  bjr 
lattonn  in  the  inteusily  of  tho  tlold. 

he  nolc  heard  will  vary  aoeordinf  tA'  1 
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the  intensity  of  the  field,  nad  also  iiccordingf  to  tiin  positjoa  id 
which  the  coil  Is  held,  such  a.  coil  becomes  &  magnetic  ejcplorrr, 
and  by  its  use  the  distribution  and  varying  intensity  at  aa 
irregular  field  can  be  ai(c«rtairied.  Its  use  is  especiuJly  udvaa- 
tageouH  ill  (iroportionin);  dynitmo-electric  ntuchinex,  anil  c t^ 

Macnelimi.— That  brancli  o(  science  whiili  treats  of  ttM 
properties  of  a.  magnetic  field.     {See  Field,  Magnetie.) 

HaBnetlBin,  Ampere's  Tbeorr  of.— A  theory  or  hypo- 
thesis  proposed  tu  luxKtunt  for  the  cause  of  nia^nelisin  br 
tlie  preseiiee  of  electric  currents  in  llie  iiltiniule  partltl<>H  at 


This  theory  a 

(1)  Thutthe  ultimate  {tai-ticles  of  all  magnetizabte  bodies 
have  closed  electnc  circuits  in  which  electric  currents  arecoD- 
tinually  flowing-. 

(2)  That  in  an  un magnetized  bo<ly  these  circuits  neutralise 
one  another  because  they  have  different  directions, 

(8)  That  the  a«t  of  magnetization  cons intt  in  such  a  poWi^i- 
tioQ  of  the  pai'ticles  as  will  cause  these  currents  to  flow  ia  one 
and  the  same  direction,  ntdi/nefic  natiiratioH  being  reached 
when  all  the  separate  currents  are  parallel  to  one  another. 
(i)  That  the  coercive  force  ia  due  to  the  resistance  thee* 
'nniits  otter  to  a  change  in  the  direction  of  their  planes. 


I.  377  and  37S,  nhow  the  circular  paths  of  ttome  of  tht^so 

wits,     Fiff.  377  Hbows  Ihe  ussumed  oondilion  ol  an  iiniua^- 

etiEed  bar.     Fig.  378  the  asaumed  condition  of  a  irnigrietieed 

retid  inspection  of  the  ilpii-es  will  show  thiit  Jnaiiia^ne- 
tiEfd  har  nJ]  the  Hcparate  cun'enta  lliiw  in  the  sania  dimdJon. 
All  Ike  eireuitg  except  thoiwntt  Ihr  f.rlivme  erfye  of  the  bar 
irill,  ihrreforr,  have  the,  ^nrrenln  JUnehifi  in  them  in  oppaaite 
xstothat  in  thtirnrighlHiHng PtreuilM,  ami,  Ihrrrfore, 
n  neutriUixe  ime  annlher.  Thrrr  will  remain-houvver,  a 
t  eireuit  on  tkf  oittside  ofthr  bar,  which  tnuat 
rre/ore  be  rrgardeii  oh  the  maffnetizing  n'miiY. 
Oui(Ui)  by  these  connidf  rattuns,  Anj[iArp  pruiluced  u  coil  of 
tvirie,  called  fmoletinid,  which  is  tJie  equivalent  of  the  ma^netiz- 
ifiif  ciri-uil  luisuuitH)  by  liis  llieorj". 

It  therefore  follows  tliat  an  electric  cuircnt  sent  thi-ough  a 
coil  of  iuauLalcd  wire  surrounding  a  rod  or  har  of  soft  iron,  or 
other  readilj'  iua);tietJ2able  luateriiil.  nill  make  the  Kiune  a 
niug'net.  A  tnugnel  bo  produi^d  is  called  uu  elect ro-tuag net. 
Oee  Electnt-Magnrt.) 

tThe  magoetiziiig  coil  is  called  a  helix  or  solenoid.  (S«e 
ilenoid,  Bte^m-JUugnelie.) 
The  polarity  of  the  magnet  depends  on  the  direction  of  the 
irrenl,  or  on  the  direction  ot  winding  of  the  helix  or  sole- 
lid.  (Htf^  Hiiliiinidii,  SiniilrfirMit  aiid  Drxlmraal,) 
MnBiMtllMn.  Elunlrw Muenetism  produced 
1  meami,ot  clectrin  currents. 

The  discovery  of  Ountml,  in  1830,  of  the  action  of  an  elec- 
tric current  on  a  magnetic  ni^edle,  was  almost  inmiediatoly 
followed  by  Ibe  simultaneous  anil  independent  discoveries  of 
o  and  Davy,  of  the  nii<tbod  of  ningnetizing  iron  by  the 
n  elifitric  iTurn-nl  arouud  it. 
m  obaervationa  were  first  reduced  to  a  thrtiry  by  Am- 
ice Uagnetiam,  Ampire't  Theory  of.     Elf.etro-Mag- 
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HBffn«tiitn,  Hughea'  Tbeory  oF a  Uieoty  pi 

pounded  by  Hut^-hes  (o  iMvount  for  the  phenotnenn  of  ninffoet- 
iBm  apart  frc  m  the  prt!sout«  of  electric  currcntn. 

Hughes'  th''oi-y,  or,  more  atriiTtly  speaking,  hypollipsia  of 
maignetism,  I  luiiigh  very  Bimilnr  if  that  of  AiiipdrR,  docs  not 
asHunic  the  improbable  oonilition  of  u  t'oosliuiUy  flnwing 
electric  I'urreiil. 

Hughes'  hyjtntheaia  fMsnmeH : 

(1)  That  the  iiioleciiles  of  niattor,  uixl  probaJiljr  ev«n  the 

J^  g  »    n  n    g  atoms,  poMOM  natunLUy  op- 

n^"^  ""^  "^^  poHittj  mn^rni^lli'  poUriti« 

3f  >P       which  are  n'sfiei'tiveiy  +  tMi<l 

"'  ^:„  -.orN.ftnda. 

1  I,        (3)  That    lh.-so     .>i..lw.il.-^. 

when  aiTonged  in   closed 

chaJDs  or  circuits,  tire  capable 

of  oeiitralizing  one  another  so 

"  *  "n  S     n  '    "  far  as  external  action  is  con- 

«ff-  «»■  cerned. 

Two  such   arranfjenienis  or  (groupings  are  shown  in  Figs. 

279  and  280.     11  will   be  obnerved  that  the   magnetic  clioin 

or  circuit  in  completi<,  and  tlial,  therefore,  the  subslaoce  can 

poauesa  no  niagnetir  properties  so  far  us  external  action  is 

concerneil. 

-iliiiiHllilliiffHf 

an    gn     an    an    sn    s  n     an    an    nn    h  n 
Fig.  iSO. 

(3)  That  the  act  of  magrnetization  consists   in  aucb  a  rota- 
tion of  tJie  inoieculeH,  that  a  j>olarization  of  the  substance  ia 
etTccled ;  that  in,  the  molecules  are  rotated  on  their  axes  i 
that  oDe  set  of   poles  tend  to  point  in  one  direction,  an 
"t-her  set  of  poles  in  the  opposite  direction. 
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Partial  niagnetizationixiiuiittBiu  portiul  jiolariEution.    Mag- 
'    netic  BaturatioQ  is  reached  when  the  polarization  is  complete. 
(See  Magnetic  Saturiition.) 

Cor. reive  foree  is  the  resistance  the  body  offers  to  Iha  polariza- 
'   titin  or  rotation  of  its  molecules.     {See  Coercive  force.) 

Hughes'   hjrpothesis  of    imtgnetttini    would   appear  to   he 

itren^^heneil  by  the  foUowInK  fac-ts : 

(1}  A    ]iar    of  at«el    or  ii-on  is    sensibly  eloDgateil  on  be- 

I  lag  mognetiEed.     This  would  nnturiilly  result  if  the  mote- 

^cules  be  supposed  to  be  lunger  in  ont^  direction  than  in  any 

^«ther. 

(9)  A  tube,  tumished  at  ibt  end.4  with  plates  of  flat  glass  anil 
flilmi  with  water  containing  llnely  diviiled  magnetic  oxide  of 
iron,  JN  neiirly  opaque  lo  light  when  immagnellzed,  but  will 
permit  some  light  to  pass  through  it  when  magnetised. 

(3)  A   mugnt^l,  if  cut  at   its  neutriii   point,  will  possess  op- 
posite polarities  at  the  cut  ends ;  and  no  matt«r  to  what  ex- 
tent this  aiil)divi3inn  is  carrie<l  the  piLrticles  will  still  possess 
Opposite  [Htlarities. 
Tliest?  facts  ure,  however,  also  iixplained  by  Ampere's  hy- 
ithcsis  of   magnetism,  with,  however,  the  improbable  aa- 

of  a  coufttantly  Howing  current  in  each  molecule. 
Mnsnellam,     Lumpllur ^See   Lamrllar  Mttgnr- 

MticneiUni,  Hiolciiotdal  Dhlributlon  »t A 

term  8iinietuiiP9up|ilieil  to  a  distribution  of  majUTiPtiani  It 
suoh  that  Uiu  magnetized  pnrlir-les  are  arranged  will 
polex  in  the  direction  of  the  length  of  tlii>  bar,  i 


tincUon  to  ii  laiii<*1likr  distributlor 


/  Jfitpnc/i 

nacnrilKailoii, 


(Seo  LamtOar  I 


I'optndent  of— 


rftif  ■>/  M iignrlisattm 
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Hacneilzatlon,  metliodt  of —Magnetft 

zatioD  effeciivl  either  by  induction  from  aaotlier  nin<n»t.  o' 
by  means  ot  iuduction  by  an  oleotrio  current. 

The  (iubst.'i,n<'e  to  be  niognctizeJ  ia  brought  into  a,  maguetin 
Held.  BO  thai,  till-  lines  of  nia^tn'tip  force  pnss  Uirou^h  II. 
nietliods  of  magii(-tinitinii  limy  be  dividHl  inlo  iin^tiiodn  »(' 
loiwh,  and  magnetization  by  ttie  electric  current. 

MalllM,  Rleftrlr The  principal  conductorsinaqy 

system  of  elpi'tri--  distribution.     (Sep  LeitiU,  Electric) 

mallet,   Klff I  r»-MHKiiPllr (See  Elertro-Moff' 

netie  Mallei.) 

nanlpuluKkr,  BrvjiileI'M (ae«  Needle  Tele- 
graph.) 

IdHnoineier. — An  lippiiratUK  for  measuring  the  tension  or 
pressun-  of  (cascN. 

Manometers  are  either  merciu-ial  or  metallic  Thjey  meaa- 
ure  tlie  pivHsure  of  ifaaes  either  in  ntmo»phere».  i.  e.,  in  mul- 
tiplex or  di.M;imals  nf  15  pounds  to  the  square  inch,  or  in  inches 
of  mercury. 

Marine  Ciai  manometer  .—{See  Qalvanomettr,  Marine.) 

Mariner*'  CompaMs.— <See  Compass,  Azimuth.) 

Marked  Pole  of  a  Magnet.— The  pole  of  a  magnet 
thut  i)oiDtM  approximately  to  the  geographical  north. 

If  the  jKile  of  the  majrnot  that  points  to  the  gvographic:!] 
noilh  be  in  reality  the  north  |icil>^  of  the  magnet,  then  the 
earth's  miignetic  pole  in  tlie  Northern  Hemisphere  is  ot  south 
magnetic  polarity.  In  the  United  States,  und  Europe  g«Qer- 
ally,  this  is  regarded  to  be  the  fact. 

The  French,  however,  call  the  pole  of  the  needle  tliat  points 
to  the  earth's  geographical  north,  the  south  or  augtrat  pole. 
In  America  and  England  it  is  called  the  north  pole,  themaribed 
pole,  or  the  north-seeking  pole,  and  the  Northern  Hemisphere 
>  assumed  to  possess  south  mi^iietic  polarity.  (E^  Au»- 
-uid  Boreal  Pole*.) 


signal  lights,  displayed  c 
;,vsIeinH  of  block  railway  si^allin^  ii 


«o.     (See   Bliiok 


1  weigh  t. 


to  &void  aivJilPiitB  from  trains  breaking  i 
Signalg,  Sgnlrm  <if.) 

Ha*8.— Tile  quantity  of  mattttr  contniaeil  ii 

JHoas  must  be  tau'efullj  ilisiiDguitihetl  frutn  v^ight.  Tlie 
weiKhtof  agivcnquiuiUty  of  iiiatU-rikpf^ndBon  tliuitttmctinn 
which  the  earth  poesess^s  for  it,  and  this,  on  the  rai'th's  aiii-- 
fai^e,  varies  with  the  latitude,  being  grt'iilest  at  Vac.  \m\v%,  unil 
least  at  the  ecfuatur.  Itulso  variejt  with  ititTerent  elevalionH 
above  the  levd  of  the  sea.  Tlie  iniiM,  however,  is  the  same 
under  all  ciriTiinistanoes. 


quanlil;  of  luugni!- 
uctiiin  t^qiml  lu  imit 


—The  quantity  of   mattei'  whi<-h 
vill  balance  the  weight  of  a  standai-d 


naHii,  na^neilc Such  i 

tLsm,  that  ut  unit  ilistMiii^  produces  ai 

ius,   Vnll   of  - 

ir  certain  (.'imditions  w 
granmit  or  poun<l. 

nniiBeB,  Elct€'tl*l<- A   mathematicaJ   uonception 

tor  Hiich   quantities  uf  electricity   that  at  unit  distance   will 
produ(!c  an  atti-airtlon  ur  repulsion  equiU  to  unit  force. 

Electrical  masBeH  ai'e  aHsumed  to  be  equal   when  they  pi'o- 
dufte  on  two  ideotiiAl  liodieu  of  small  dimensions  chargea  i>f 
,    the  same  eleclric  force. 

HlUtn^lorlt.— The  iientrat  or  oontrolllng-  clock  in  a  xys- 
[   teui  of  electric  time   diKtribiitioD,  from  which  the  time  is 
tnuiiimittnil   to   Uie  ttrvnilary    I'loekn  In    the    circuit,     (Seu 
i  Cloekf,  Elertric.} 

Hatler. — That  which  occupien  xpace  and  prevents  other 
matter  from  simultaneously  occupying  the  Bsme  space. 

Halter  la  composed  of  alimm,  which  unitu  to  form  moletmUii. 
(See  Alonm,     JUoIfCiiltli.) 

MNltrr,  Blt'nK-ninri -(See  EUment.) 
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Matter,    Ra«llanl,    or    VltrR-CnaeoiM A 

term  propost<il  by  C'rookes  for  the  peculiar  coodition  oi  Ute 
matter  whicli   coUBtituttw  Uie  residual  atmoHpltercw  of   bigti 

The  peculiiir  properties  ol  rsdi  '  matter  am  Boen  in  tli<> 
mechaDJcal  r>tTiH-t8u[  the  localisr  )rc8«iin^  procliKvtt  wtitui 
such  reHidual  utiiinspherea  are  locn       hentwl  or  f^lwlrifled. 

In  Crooken'  RadUmmter.  vanes  ok  i.  licu,  silrni-etl  un  nnr-  litcv 
ftml  cin'iTird  witJi  lanipbWk  on  tht  opposite  tm^.  (ut»  nup- 
port«(l  on  a  vi'iljcal  axL«,  so  on  to  be  capable  uf  robition  ixtiii 
placeil  ina^liuw  vesselin  which  a  high  raeittttn  la  ii)uint«Jne<l. 
On  exposing  the  inHtninient  to  the  radiation  from  a  cnndle  or 
gOH  tlanie.  a  rapid  rotation  (aken  place. 

The  explanation  is  as  follows ;  Thi-  luinpbliick  i-overnd  sur. 
fafiw  absorb  the  radiant  heat,  and  beeoming  heated  the 
niolei'iih-K  of  gax  in  the  residual  atmosphere  are  shot  vjoleutlj 
from  Ihew  heated  surfiices,  niitl  by  their  reaction  drive  the 
vanes  around  in  the  opposite  direction  to  that  from  whicli 
tliey  are  thrown  ofT.  The  molecides  are  also  shot  ofF  from  the 
ailvered  surfw*>8,  but,  as  these  are  cooler,  the  effect  in  not  as 
great  as  at  tJie  bliurkimed  tiurraccs. 

In  a  JTJS,  at  onlinury  iJi'essiire,  the  heated  surfaces  are  also 
bomlNii'deil  by  other  molceiiles  of  the  ^as,  but  in  high  vacua  tJie 
mean  fi-ee  path  of  the  molecules  is  such  that  there  is  no  ioter- 
ferencc,  a  Crimkes'  lai/er  existing  between  the  vanes  and  the 
walls  of  the  glaas  vessel.     (See  Laj/er,  Crooket'.) 

When  a  Crookes'  tube  is  furnislml  with  Huitable  electrodes, 
and  eleidric  dischargeR  are  sent  through  it  between  these 
electrodes,  a  stream  of  molecules  is  thrown  off  in  atraigr  t 
lines  from  tlie  Kiirface  nftlte  negaiirt  electrode. 

Some  of  the  effects  of  this  molecular  bombardment  are  aeen 
by  the  uite  of  the  apparatus  shown  in  Fig.  381.  When  the 
positive  and  negative  terminals  are  arranged  as  shown,  the 
paths  of  the  molecular  streams  are  seen  as  lumiai 
whose  directions  are  those  shown  in  the  flg^ures. 
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The  flgiire  on  the  left  shown  tUu  putit  tttkon  in  a/ou-  rneuum. 
StreaniK  pu**  fi^tm  the  negalive  electrode  to  encAo/f 'if  J»<w- 
t'h'i-e  elrctrtnltH. 

The  ligiii-c  on  the  right  shows  the  ilistharp;  in  a,  hi\ih 
ri)  tlio  atreanis  iBms  oK  ut  right  oilgli^s  to  the  fm.'ii 


» 


of  the  iii'giitivi!  I'WtiT.ilc,  (LMil   iin.rceil  llu'n'froiii  ill  strHighl 
lini^,  ind«ip>en<ti'n11y  nf  Ihe  [josiUoii  of  tin'  positive  olei 
Sinii-,  therefore,  Uie  m-giilivf  eliilrodo  iil  n,  is  ti     ' 
n  coarnVR  mirror,  tlio  liiaiinouii  parUi-'lHs  totivc 
tinar  lh«  rpniro  ot  th<?  glosB  vrmtA,  ojid  tliun  d 
u)>t>uHil«  wiUL 
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Rrfmcto nr  HUbslKDi-fs  plitced  at  aucb  ^  Xoeus  ofm 
b<Mni>ardmeni,   aa  Hhotvn   in   Fig.   283,   are   r«aiiet«d   i 

In  n  Etmilitr  luiuufT,  |>hnH|>hor«!iocnt  DiibfttaniwH  ••xikih«J  to 
BiK'li  molrn'ulnrHti-tiaiiiH  emit  it  beautiful  phijeptiorvec'eni  light 

ncMKiircmfnta,  Klfsrlrle Ui'turniiujitiotis  off 

p  Ihe  values  of  the  E.  M,   V.. 

unce,   current,   capacity,  cner 
etc.,  in  lut.v  electric  drcurt. 

Electric    uieosuremcnto    maf   I 
eitlicr  qiiulitative  or  quautjtstive. 

merbantcBl  EqulnUeni  »r 
no«t,— The  uniount  of  mechauicaJ 
iict^y  ronvurtcd  Into  licat  that 
wuiilil  bo  requii-cd  to  raise  tlie  tcin- 
peralureoronepomiJ  ol  water  1°  P. 
The  mechanicftl  pquivalcDc«  b«- 
tueta  the  energy  expended  and  the 
heat  produced. 

Joule's  experiments,  the  results  of 
whioh  are  (generally  accepted,  gavs 
"7a  foot  pounds  iis  tlio  energy  equiv- 
aleut  to  that  expended  in  roisii^ 
the  tem]HTature  of  one  pound  of  ' 
water  1°  F.  ' 

nptlla,  Aniaotroplc ' 

Fig.  Ki.                   (See  AniKolropic  Media.) 
nieg  or  mega  (aa  a  prefix.) — One 
ohm,  one  million  ohms ;  mega-i-ull,  oi 
Heldlnser'"  Voltaic  Cell.— (Se.>  V<-ll,  Voltaic.) 
Meridian,  Geographic The  geopraphic  meri- 
dian oF  a  plac«  ifl  a  great  circle  paanin^  throii^j^h  the  place  muA 
■>  north  and  south  ^eo^i-apliic  poles  of  the  earth, 


Meridian,  Magnello— — The  ^reat  cirele  passing 

throug'h  the  pcles  of  a  nmgnelic  needle  iit  rest  in  the  earth's 
magnetk  fielil. 


Metallic  C^trcult.— Any  circuit  that  in  mainly  metallic 
Ihroiighoiit,  or  of  which  the  ground  or  earth  doen  not  form  a 
part.    (See  Cireuit,  Metallic.) 

Metallocbrome*  or  Nobili's  Blngii.— P  r  i  3  m  u  I  i  c 
colored  deposiU  obtained  by  the  electrolytic  deconipoKition  of 
nietlLlIio  salts  under  cert&in  conditions. 

These  depOHJts  consists  of  [leruxide  of  le&d  which  appears 
at  the  positive  electrode.  The  colors,  like  those  produced  by 
,  Soap'Viiibble  IIImM,  or  by  the  irldeaceni'c  of  mother-of-pearl, 
r  by  films  ol  oil  floating  ou  the  surface  uf  water,  etc.,  are 
lie  to  the  interference  of  tiie  light  reflected  from  the  upper 
ad  lower  surfaceti  of  films  which  are  deposited  in  different 
,   thick  ne»ses. 

Metalloid.— A  name  formerly  applied  to  a  non-raetallic 
I  body,  or  to  a  body  having  only  some  of  the  properties  of  a 
I  meljil  aa  carbon,  boron,  oxygen,  etc. 

The  t«rm  ib  now  but  little  used. 

Bietals,  Deflagration  of The  volatilization  of 

B^netols,  generally  by  electric  incandescence. 

Metals,  Electrical    Protection  or The  pro- 

'ection  of  a  metal  from  coiTosion  by  placing  it  in  connection 
iritJi  another  metal,  winch,  when  exposed  to  the  corroding 
Ujuid,  vapor,  or  gas  will  form  with  the  metal  to  lie  protected, 
i  positive  elemeal  uf  a  vultaic  couple. 
The  negative  element  of  a  voltiuc  couple  ia  protected  by  the 
a  of  thti  positive  element,  which  is  alone  corroded, 
Vliis  ini^hud  lian  been  ailopted  willi  cousiderabb.'  success  to 
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pl^otrlcalty  prutecL  iiiptulo  fruin  <.'orrusioi).  A  r«>w  p.T»ni[0» 
will  sulfee.     (S«?  Cell.  VoHnic,) 

(I)  Diivy  proposed  to  protect  the  copier  Kheathiog'  of  shipt 
from  L-orToaiou  by  Kllachlngr  pieces  of  siao  to  tJie  cupper 
sliL'atliiiig.  This  BUoceeiied  too  well  since  Ihe  copper  salts 
wliii'h  were  formerly  proiluced  and  itct^  as  it  poison  to  Ilie 
inonne  plant*  and  auiniaJs,  being  now  absent,  permitted  th<!se 
fi.>nDS  ot  life  to  thrive  to  such  aa  uxleat  as  to  seriously  foul 
the  Hhip's  liotloai. 

(S)  A  ring  ot  Jiinc  attached  to  a  lightning  rod,  neur  its  points 
has,  it  iH  claimed,  the  power  of  protecting  the  points  from  cor- 

(3)  Iron  bara  of  roilinga,  if  sunk  or  embedded  in  zinc,  are  prv- 
Morved  from  con-osioD  near  the  junction  of  the  two  metals, 
but  if  sunk  in  lead  arc  rapidly  corroded,  because  iron  is  ele» 
tro-jHuutive  to  lead,  but  electro-negative  to  zinc, 

(4)  Tmned  iron  rapidly  corrodes  or  rusts  when  the  iron  is  ex- 
posed to  the  atmosphere  by  a  scratch  or  abrzision,  because  Ihe 
iron  is  ylijctro-positive  to  tin.  Nickel-plated  iron,  for  the 
same  reason,  riwtn  rapidly  on  the  exposure  of  on  obrftdetl  sur- 

(5)  Zinced  or  galvanized  iron,  or  iron  covered  with  a  dejKwtt 
of  zinc,  is  protected  from  corrosion  because  tlio  zinc,  being 
pooitive  to  Iron,  can  alone  be  corroded,  and  the  zinc  is  pro- 
tected in  part  by  1h«  coating  of  insoluble  oxide  formed. 


Meter,  Current  - 


[See  Oalvaiiometer.) 


neleri,     Elerlric Apjiaratus     (or     measuring- 

commercially,  the  quantity  of  electricity  that  passes  in  a 
given  time,  through  any  consumption  circuit 

Electric  metora  oi-e  constructed  of  a,  great  variety  of  forms  ; 
tliey  may.  however,  be  amukged  imder  the  following  heads  i 

(I)  Electi-o-Magnetic  Meterx,  or  those  in  which  the  current 
passing  IS  metwui'ed  by  the  electro-magnetio  eSec<«  it  pro- 
duces. 
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9  liie  entire  current  may  pnss  tliroiigli  the 


fn  Hiieli  r 

(2)  Electro-Che-mieal  Meters,  or  those  Id  which  the  current 
pussia^  U  measureil  by  the  electi-olytie  cieeom position  it 
ellecta. 

In  these  meters,  u  shunted  portion  only  of  the  curi'Cnt  ia 
UHUnJly  poMseit  throug'h  a.  solution  of  a  metollii:  salt,  and  the 
current  Btrengtii  determined  by  the  amount  of  elet^trolytic 
rloco  II)  position  Ihiis  etfei^ted. 

(3)  Elertro-Thermnl  Meters,  or  those  in  which  the  current 
l>!issii»e  is  iiieiisured  by  a  movement  effected  by  the  increase 
III  tetnpi^ratui'e  of  u  resislance  throug'h  which  the  current 
IS  pnsseil,  or  by  thi;  umount  of  n  liquid  (■vaporat<>d  by  the  beut 
genei-ated  by  the  current, 

(4)  Electrie-Timf  Metrrg,  or  those  in  which  no  attempt  \» 
made  to  measure  the  current  that  pusiKS,  but  in  which  a 
rword  is  kept  of  the  number  of  hours  that  an  electric  lamp, 
motor,  or  oilier  electro-i-eceptive  devic«,  is  supplied  with  the 
current. 

Edison's  electric  meter  is  of  the  second  class.  It  consists  of 
two  fultiimeters,  orelM'trolytii.^  cells,  containing'  zinc  sulphate, 
in  which  t^¥o  plates  of  chemically  pure  sine  are  dipped.  The 
current  that  passes  is  determined  by  the  amount  of  the  varia- 
tion in  weight  of  tliii  Kinc  plates.  To  determine  this,  the  jilates 
pn  weighed  at  stuted  intervals :  one  plate  every  month,  the 
pliLte,  which  isintvnded  to  actus  uclicok  on  the  llrst,  only 
three  montlis.  Some  ditllciilty  hiui  been  experienced 
in  meters  of  tills  cluas,  Iroiii  the  variations  in  llie  value  of  the 
shunt  rraislanit!,  due  to  variiilions  in  (he  condition  and  tem- 
(lerature  of  the  elcrtrolytir  cell.  The  usf  of  a  (•ompensating 
reaislance.  Iiowevirr,   ha«,   it  is  cliiimed.  removed  Ibis  ohjei> 


■       tionil 

k^pnwi 
^Itber 


^  BcUiod*  nrMa«lirllXHtl«ii  by  Touch.— 

Th«icaii'llir.^<-.  VIE.: 

H)  Sintfle  Touch.     A  MctluMl  (or  pffi-rtins  Iho  n 
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tion  of  n  bar  or  other  n 
II  sinKle  magnet. 

In   single   touch  the  n 

the  b&r  to  bo  u 

+  to  enil  and  retvnted  tkrmtgh  Iha  air,  the 

stroke  being  repeated  k  numbar  of  tima. 

The  end  of  th«  pole  tha  nugnet  JaKtm 

ia  thus  magnedxed  oppoiitvlr  ^  tlMt  «f 

the  ntagnetizlng  polou 

=J  By  aome  wtiten  the  meUiod  of  ri^le 

l+H  s— J  touch  is  described  aa  thftt  eOeotad  faj 

placing  the  magnetixing  magnat  N  8, 

fig.  1S3.  Pig.  28S,  OQ  the  middle  of  the  bar  lobe 

niaf,-'ni!tizc<l  nnd  dnivvinK  it  to  the  end  and  returning  throogk 
Ihi'Uir  as  hi^fori^,  ami  then  reversing-  the  pole,  placing  it  on 
tiip.  miilille  ot  the  biir.  iind  ilmwing  it  towurdn  the  other  rnd. 
TliB  fornn-r  ivould,  liowcver,  ujipcar  to  be  the  better  use  ol  the 
term  Kinglf  loiidi. 


(2)  Sfjiartite  ToticJi. 

In  HCparate  touch  two  magoetidDK  bars  are  placed  witli 
their  opposite  poles  nt  the  midille  of  the  bar  to  be  magnetized 
and  drawn  away  from  each  other  towards  its  ends,  as  nbown 


E 


IK 


3 


'Ho'.ttL    Tbis  motion  is  repeatecl  a  number  of  timeB,  the 
'■ntained through  the  air. 
hon,  ai  tn  all  oaaea  of  magnetiEation  by  touch, 
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better  effects  are  iHiJcliii'cd  if  the  liar  l«  be  magaeliKed  is  rested 
on  the  oppoaile  poles  ol  iinotlier  muf^nct,  or  pluced  netu' them, 
aa  shown  in  Fig.  285. 
(3)  Double  Tourh. 

In  double  touch  thi?  two  magni^ts  am  placed  with  their 
opposite  poles  together  oa  the  middle  of  the  bo.e  U>  be  musrnet- 
ieed,  as  Hbowo  in  Fig.  383.  They  are  then  moved  to  one  nnd  of 
tlie  bar,  inhen,  imletid  (if  removing  Ihein-  and  pausing  thtm 
back  tlii-ough  the  air  to  the  other  end.  they  are  moved  in  Uiis 
dire(-tli)n  over  the  bar  to  be  magnetized  to  the  other  end, 
and  lliis  motion  is  repeated  a  number  of  times,  The  tnotloD  is 
Ht'^ppc-d  at  the  middle  of  the  bar,  when  tlie  magnetizing  mag- 
nets arc  moving  in  the 
opposite  direction  to 
that  al  which  tliey  be- 
gan to  niovi'.  This 
HHsuretiaii  eijual  num- 
l>er  of  lilrokes  to  the 
■wo  halves  of  tiiP  bar. 
The  method  ut  donble 
cli  produoes 
ranger     mognetixa-  I'ig.  ist. 

a  than  either  of  the  otlier  methods  but  does  not  effect  such 
even  distribution  of  the  magnetism,  and  therefore  is  not 
plicable  to  the  magnetization  of  needles. 
I  Avariely  of  double  l«iKh  ia  shown  in  Fig.  386.  where  tour 
9  (o  be  magnetixed  are  placed  in  the  form  of  a  hollow 
mgk.  with  only  their  ends  lnuiihing  at  their  edges,  the 
pilar  ipaces  at  the  corners  being  IIIMil  with  pieces  of  soft 
The  horsHBhofl  magnet  N  S.  ia  then  moved  around  the 
rvnitseveml  times  in  (he  samn  direction.  This  ia  believed  to 
I  more  uniform  magnel izatJon  than  the  ordinary 
itliod  ot  doub1i<  lotLch. 


1  aq.  t«ntiinetre  =  .156  s<j.  ini'h. 

1  sq.  decimetre  =  1S.5  sq,  inches. 

1  sq.  meti-e  =  1550  sq.  inches  ~  10.  TM  sq.  fl.  =  1.198  sq.  yd. 

I'oiutiK. 
1  cub.  tDillimetre  =  .000061  cub.  inch. 
1  cub.  centimetre  =  .061025  cub,  inch. 
1  ileL'imetre  =  B1.D3M  cub.  inches. 

Cubic  metres  BIOZT,  cub.  in.  =  85.8156  cub.  ft.  =  1.308  cub.  yd. 
The  litre  (uxed  for  liquids)  in  tlie  hoiiii;  iu  the  cubic  deci- 
melrt;,  and  la  equal  to  1.T61T  pint,  or  .23021  gtillon. 
Mats  and  Wright. 
1  milligramnie  =  .01543  grain. 
1  gramme  ~  l>1.4i)2  gminH. 

1  kilogramme  =  15432.3  grains  =  8.205  lbs.  avoir. 
More  accurately,  tlie  kilogramme  is  2.2046312S  lbs. 

kJlfiHceWoneous. 
E  gramme  per  sq,  centimetre  =  3.0481  lbs.  per  aq.  ft, 
1  Idlogramme  per  sq,  centim.  =  14,233  lbs,  ]ier  wj.  in. 
1  kilogram  metre  =  7.2331  foot-pounds. 

1  force  lie  ehrval  =  TO  kilogram  metres  per  Hecunil,  or  G42Vtf 
faot-|ioun<ls  per  second,  nearly,  whereas  1  horse-power  (Eng- 
linh)  =  530  toot>pounds  per  second. 

Conrertiun  of  English  into  French  ineuaurvii : 
Length. 
Kindt  =  2.54  centimetres,  nearlj-. 
:  80.48  centimetres,  nearly. 
=  81.44  cpnlimetres,  nearly. 
e  mile  =  190938  centimetres,  nearly, 
xnirateiy,  I  inch  =  2,58»T73  c. 
Afta. 


\S3  A  uK.Tio.iAR'r  iir  KumcnucMi. 

Vohimit. 
1  cub.  iBch  =  I&M  i-uh.  cm.,  ne»rly. 
I  nib.  tuot  =  SBS10  eaii.  eta.,  wmrly. 

I  ruh.  yard  =  "XUXi  rul..  tro..  newlj. 
1  i^lluii  =  4M1  i-ub.  cm.,  dpkH.v. 

1  grain  ::^  .0tH8  graining,  nearly. 
1  (If.  avoir.  =  W.m  gT«tnm«,  nearij. 
)  lb.  avoir.  ==  453.0  ^raiame,  nvvrijr. 
1  ton  =  1.018  X  10*  gtumnie,  netuly. 
More  accurately,  1  lb.  avoir.  =  U}S.5I)1 

Vfloeilg. 
I  null'  jmr  liour  =  M.TD4  rni.  por  sue. 
1  kilonietrp  per  hour  =  2T.T  cm.  per  sec. 

Density. 
I  lb.  per  <-ul).  foot  =  .016010  gra.  per  cub.  cm. 
lb.  (I.  =  1  gm.  |)er  cub.  cm, 
Forre  {assuming  g  =  981). 
(.57  dyncB,  nearly. 
=  a.78  X  10*  dynes,  nearly-. 
10*  dynes,  aearty. 

•ifll  dynes,  nearly. 
.ime  =  0.81  X  10*  dynes,  nearly. 
./ork  (assuming  g  =  981). 
.=  1.856  X  10'  ergs,  nearly. 
...lugrammetre  =  0.81  x  10'  ergs,  nearly. 
Work  in  a  second  by  one  theorelical  "  liorse  power"  =  7.. 
X  10*  ergs,  nearly. 
l.Ui,  Stress  (assuming  g  =  981). 

ner  sq.  (t.  =  479  dynes  per  sq.  cm.,  nearly. 

dynes  j>er  cm.,  neurly. 

10'  dynes  per  sq.  fni.,  neitrly. 
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TBO  mm.  of  meraurj-  »t  0"  C.  =  t.014  x  10*  dynes  per  «q.  cm., 

30  ini'liea  of  mercury  at  0'  C.  =  1.168  X  10*  dynes  per  sq. 
cm.,  nearly.    {De»ehaner»  Natural  Phitoaaphg.) 

Mtto.—A  term  propoeed  by  Sir  Wm.  Thomson  for  the 

praclioal  unit  a1  conduutivily. 

A  mho  issuch  a  unit  of  conductivity  aa  is  equal  to  the  re- 
ciprocal of  one  ollm. 

The  conducting  power  is  equal  to  —  or  the  reciprocul  vf  ttie 
R 
resist  tintv. 

Tlie  word  mho,  as  is  evident,  is  obtained  hy  inverting  the 
order  of  sequence  of  the  letters  in  the  word  ohm. 

Hilcro  (as  a  prefix). —The  one  millionth ;  as,  a  niicrofarad, 
the  milliontli  of  a  farad ;  a  microvolt,  the  one  millionth  of  u 
volt. 

Mlrromelcr,  Arc An  apparatus  for  the  accurate 

measurement  of  the  length  of  a  vollaii;  arc  by  means  of  a 
micrometer. 

The  distance  between  two  carbon  clecti'o<le« — one  inovii- 
lile  and  the  other  tUed — placed  inside  a  gluas  vessel,  is  accu- 
rately determined  by  means  of  a  micrometer  placed  on  tlic 
movable  electrode.  The  operation  is  similar  to  that  of  the 
vernier  unre-gattge.    {Sec  Wire-Oauge,  Vernier.) 

nierophone,— An  apparatus  invented  by  Prof.  Hughes 

~  IT  reiiilerinjf  faint  or  distant  sounds  distinctly  audible. 

The   uiicrophone  depends   tor  its   operation  on   variations 

>duced  in  the  resistance  of  the  circuit  of  a  small  battery  anil 

ceiving  telephone  by  means  of  a  loose  contact. 

\  Ibe  loose  contact  may  take  a  variety  of  turnis.    Oii^-iaally, 

s  miule  in  the  form  shown  in  Fig.  S67,  in  which  a  small 

mrbon  E,  pointed  at  both  t^nds,  is  inserted  in  holes 

»  ends  of  cross  pie-ces  of  carbon  B  and  C.    The  thin 


ii[ii'i;;ht  IxMiril  A,  on  wliich  thew  ara  mpportod,  aoto  m  a 
sKiitidiiiK  boiii-tl  or  diaphragm,  and  its  morsiiMoto  lij  aoM< 
wuvi'K  is  lit  oiioe  audiblt!  U>  &  penpn  lirfjH^iy  j^  fij^  i^nrfjliy 
li'lcphonc.  The  walking  of  a  flf  oT«r  Uw  aouadiiic  bond  fa 
hoard  as  a  very  much  louder  Bouad. 

The   forma  of  trunnmitting  telephone   iuventod    by  Bf*^ 
I'^dixon.  Ithiki?,  Bt'rliQer  and  othen,  are  in  reality  v«ri«ties  ol 


Microphone  Relay.— AileviceforautomaUcaUy  rcpeat- 

ini;  a  telephone  message  over  another  wire. 

A  form  ol  niicroplioiie  relay  is  sliowu  in  Fig.  288. 

Several  minutt:  microphonci,  inounl<'d  on  the  diaphragtn  of 
the  telephone  vfliose  message  is  to  be  repeated,  so  vaty  tbe 
reajstance  of  a  locul  battery  included  in  thejr  eircuit  as  to 
automalically  repeat  tlie  urtifulate  H]>cefh  received.  _^ 

The  raici'ophunes  may  be  connected  either  in  multiple 
or  in  series,  as  shown  in  Pig.  2S0. 

lUorotaclmeter.— An  apparatus  in- 
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measure  minute  diHereocoaof  teniperatiirp.  cii-nf  iiKusliire,  Uy 
the  resulting  ilitTerences  of  pi'eHsiii'e. 

A  change  o[  lempisrature,  or  moisture,  is  caused  to  pi'oUmH? 
variatioat  In  tha  resisUini^e  of  u  butlun  of  i'i>mpri»spi1  lamp- 
bla<!k,  platxU  in  tLe  circuit  of  a.  delicate  golvauoiuetep.     The 


ratuB,  though  of  surprising  delicacy,  is  ncaroely  capkbli 
E  Of  j>ra'-'tic;il  u^plication.  frum  Iht^  tacl  llint  tlii!  i-«iistan< 
'hn  carbon  ilocs  riot  resume   its  normal  value  rm  the 
if  the  prensuri-. 

f  Sni. — A  unit  iif  kngth  usnl 
|1  meafturing  tlx-   dionielcr  of 
I,  equal  to  till'  •jn'i,^  <>r  Hu 
i'fach,  or  .001  incli. 


of 


mi.  ClrcnlRr  - 

mit  of  onia  pinploy^. 

Ungthrnrt'iiHofcTo 


-  —A 


riff.  as. 
,  equiU  to .  78M0  sqiinre 


*  circulur  mil  =  .18540  square  miL 

va  of  crass  sivlion  of  a  circular  wlro  one  mil  in  di- 

''-.[Miii'.-mil.    {tine  Cin-uliir  UnHii,tli:j 
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Bill,  Square A  unit  of  areii  employed 

ing  the  areas  of  orosR  sectioos  of  win^K,  oqual  to  .000001  squAra 

One  square  mi]  =  1.27^2  firculaj-  mil, 

inilll  (as  a  ]>L-ftl.\).— The  one-thaus;iudth  port 

inilll- Ampere— Tho  tlioiisandtii  of  au  ampere. 

MIUI-Oeme«ll.— The  one-thousuiuKli  of  an  Oerstedt. 

nimoia  ftcnslllvo,  or  HeDMlllrc  Planl. — A  sensitire 
plant  whose  li.-aves  told  or  shut  up  when  touched. 

The  fibres  of  all  the  sensitive  plants,  such  for  example  as  the 
above,  the  Venus'  fly-trap,  etc,  like  atl  vt'iseular  fibre,  and 
indeed  all  prvtoplaiiiii,  tiiffer  ecntr'if^ion  tchen  traveraeil  bi/ 
tleetrie  currents. 

Pouillet  concludes  from  numerous  observations  that  thefree 
positive  electricity  of  theatmosphere  is  partly  due  to  the  vatpora 
disengaged  by  growing  plants. 

The  peculiar  geogi-uphical  distribution  ol  thunder  alorms, 
however,  does  not  favor  this  assumption. 

nine  Exploder,  Eleetro-nagnetlc (See  Hx- 

ploder.  Electric.     Fuse,  Electric.) 

niopbonc,— An  application,  by  Boudet,  of  tha  m£en>> 
phone   for  tiie   medical  examination   of  the   muscles. 

Mirror  OnlTanomeler,— (See  Oalvanometer,  Mirror.') 

MolHture,    EITecl    of on     Electrical    Pk». 

nomena. — The  presence  of  moisture  on  the  surfaces  of  in- 
sulators permits  the  loss  or  dissipation  of  nn  electric  chaiffe. 

This  loss  IS  more  I'apid  with  negatively  charged  bodiet  thau 
with  those  positively  charged. 

molar,  or  nas>  All rac Hon. —(See  Gravitation.)  ,j 

molecular  Attraction.— (Sec  ^ffrncf  ion,  Moleeu 

Bfolecnlar  Bombardaient.— (See  Matter,  Rod 
^Itra-Oaaeow.) 


■wohbs,  iterMs  ash  nmASis, 


Molecular  Chain. — A  polariz<.-d  chain  of  mDlccii](!N  that 

esists  in  an  electrolyte  during  its  eliH^tric  decomprBJIiou,  <tr  in 

a  voltaic  cell  on  closing'  its  circuit   {See  arolkQtg'  Hyjiolhrsia.) 

IHolerular  Hvat.— (S<^k  Hrat,  Malecrilnr.) 

Nolccular    Rl^dlty,    or    Con-cive    Forve.— (S^e 

Cofi-cife  Force.) 

nolecule.  Gramme Tlieweighlotanysubstunto 

taken  in  ermnmrs  nuini>ricully  i-qiiul  to  thi*  molecular  wt'iglil. 
The  gramme  molooulc  represents  the  number  of  smu!!  fil- 
uriew  of  heat  required  to  raise  one  i^mnune  of  the  substani^e 
tlirough  r  C.    [See  Catorfc.) 

notnent  «rCoiiple§. — (See  Coupler,  Moment  of .) 

nomriit,  naniM^tlv (Bee  Magnttif  Moment.) 

Monopiiolal  Ar«  LiKhl  Regulator.— A  torm  some- 
times em]fli>yetl  lo  distjitguinh  an  arc  eleilric  lamp  In  which 
tile  whole  current  passes  through  the  arc  regulating  mc^Huiii- 
ism,  anil  whidi  in  usually  opei-ateil  smgly  in  circuit  witli  a 
dynamo.     Maier.     (See  Pol^photal.) 

Hor«C  Alphabet.— < See  Alpkubrl.  Morar.) 

Mane     Recorder,    «tr    RcgUtcr.— (See     Reconiir, 

Rortte    8j-»lpm    of   TclegrHphy,— (Sco    Trli-gmjihy, 
M<,rs..) 
Nor«c*«     Telegraphic      Souii(lrr,~<^e      ■Siiiiiitl>r. 

Morte't  Telegraphic.) 

RoCoBraph,   Electro  — An  apparutna  for  lln' 

Blr«trii!  tmnainisslon  n[  xigfiialis,  in  whii'h  the  receiving  iimlni- 
luent  is  oporati-d  by  the  slipping  uf  a  lever  over  a  cylinili-r 
of  tnoisteard  chulk,  on  llie  puasuge  o(  the  currenl.     (Si'e  Eler- 
t>  Mottigrnpli. ) 

VuluUou  for  moistening  the  |NH)er  ransislH  <jt  Nodiiitu 
'4  pyrogallic  o<;id  dissolved  in  wuIit. 

"••   — A    device    tor  Iransforniing 
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All  practical  eloctric  motors  depend  lor  their 
magnetic   attraction  or   repulsion.    The    maUr% 
may  be  produced  by  the  current,  or  part  may  ha 
from  permanent  nia^^ets,  and  the  rest  fW>ni  elaoCro 
nots. 

A  dynamo  electric  machine  will  act  as  a  motor  if 
is  sent  through  it.    Such  a  motor  is  sometimea  called 
electro  motor,    Tlie  term  electric  motor  would,  hoireTer,  ap- 
I)ear  to  be  the  preferable  one. 

In  all  cases  the  rotation  is  in  such  a  direction  as  to  induce  in 
tlie  armature  an  electromotive  force  opposed  to  that  of  the 
driving  current,  this  is  therefore  called  the  counter  electni- 
motive  force. 

A  Mttgneto  Dynamo,  or  a  dynamo  the  field  of  Mrhich  is 
obtuini'd  from  pormanent  magnets,  or  a  S€])arateiy  ExeUed 
Dynamo,  will  operate  as  a  motor  when  a  current  is  sent 
through  its  armature,  and  will  turn  it  in  the  opposite  directum 
to  that  required  to  drive  it  in  order  to  produce  current. 

^-l  Scries  Dynamo,  will  operate  as  a  motor  when  a  current  is 
sent  through  it.  If  the  current  is  sent  through  it  in  the  opposite 
direction  to  that  which  it  produces  when  in  operation  as  a  genCT' 
atoVf  the  i)olarity  of  the  field  is  reversed  and  the  dynamo  will 
turn  as  a  motor  in  the  oiyposite  direction  to  that  required  to 
produce  the  current.  If  the  current  is  reveraed  the  polarity 
of  both  the  flold  and  the  armature  is  again  reversed,  and  the 
dynamo  still  rotates  as  a  motor  in  the  opposite  direction  to 
that  in  which  it  is  rotated  as  a  generator. 

^4  aeries  dynamo,  tlierefore,  ahrays  rotates  as  a  motor  in  a 
direction  opjfosite  to  that  of  its  rotation  as  a  generator. 

When,  however,  the  polarity  of  the  field  only  is  reversed  by 
changing  the  connection  between  the  armature  and  the  field, 
the  rotation  is  in  the  same  direction. 

A  Shunt  Dynamo  operated  as  a  motor  will  also  turn  in  but 
one  direction,  but  this  direction  is  the  same  as  that  in  which 
it  turns  wJien  operating  as  a  generator;  for,  if  the  direction 
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ol  tiie  ctiirent  in  the  armature  is  the  same  as  in  a  generator, 
that  in  the  shunt  m  reversed. 

.4  Cirmpound-Wouiid  Dynamo  will  move  in  a.  direciion 
opposite  to  that  of  its  niotiun  as  a  g-enerator  if  the  series  part 
ia  more  powerful  than  the  shunt,  and  in  the  same  direction  it 
the  shunt  part  is  more  powerful  than  the  series.  To  use  a 
com  pound- wound  dynamo  n»  a  motor  it  Is  neuessary  merely 
to  reverse  the  connections  of  the  aerie.<<  coils. 

Alternating-Current  Dynamo.— The  current  fj-om  an  alter- 
nating-current dynamo,  if  sent  through  a.  similar  alternaling- 
currenl  dynamo  runninjf  ut  the  same  speed,  will  drive  it  as  a 
motor.  Such  a  nia^'hine  poRsesses  the  disadvantagfe  of  requir- 
ing to  be  maintained  at  a  speed  depending  on  that  of  the 
driving  dynamo,  and  alito  that  it  re(|uires  to  be  brought  to 
this  speed  before  the  driving  current  ia  supplied  to  it.  As  a 
result  of  this  laet  requirement,  variations  in  the  load  are  apt 
to  slop  the  motor.  Considerable  improvements,  however,  are 
beln^  introduced  into  alternate-current  motors,  by  which  these 
difficulties  ai-e  almost  entirely  removed. 

An   Btt«niating  current   sent  through   any  seU-exdting 

dynamn-electric  machine,  such  as  a  shunt  or  sericH  machine. 

will  drive  it  continuously  aa  a  motor.    The  nuddeii  reversals 

I    In  the  magnetisation  of  it«  cores  will,  however,  unless  they 

I  arts  thoroughly  laminated,  set  up  powerful  eddy  currents  that 

f  trill  Injuriously  heat  the  machine. 

Th*  Itetttrflbilitfi  of  any  Dj/nanw-Electrie  Markine.  or  ils 
I  ability  to  ojiernte  as  a  motor  if  supplied  with  a  current,  leads 
r'to  a  fturt  of  great  importance  in  the  efflcicncy  of  electric 
ftnotors.  ThJM  fact  \*  that  during  the  i-otation  of  the  annature 
Btbere  Is  induced  in  It,  during  ils  passage  through  the  field  of 
Vtho  machine,  an  t^lcctroniotlve  forue  opposed  to  thai  produced 
t  In  the  armature  by  Ihe  driving  curi-ent,  oi-  a  rouuter-tketnt. 
^mofjtiir  force.  (See  Sfnirioiu  Rf»Utantt-.  Cuanttr  Elrttro- 
e  Firrrr,!  Thl«  counter  i-W-tro- motive  force  acta  u  a 
Ktpurioii4  rrtinlnniv,  and  uppow'S  the  passage  of  Uie  driving 
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current,  so  that,  as  the  qiwJ  ofHie 

the  stren;^  of  the  dHring'  cmnai 

a  certain  maxiiiiuni  speed  is 

actual    practice,  this  wna^nmnwi 

oaly  momeatarily  attained^  and  a  small,  memxij 

reat  Is  expended  in  overoomin^  frictioa  at  the  huaiinm,  air 

friction,  etc. 

Wlien,  however,  the  load  is  placed  on  the  motor,  theft  ii^ 
when  it  in  caused  to  do  work,  the  speed  is  reduced  and  the 
counter  electromotive  force  is  decreased,  thus  permittiqg  a 
greater  current  to  pass.  The  fact  that  the  load  thus  anto* 
matically  regrulates  the  current  required  to  drive  the  motor, 
rendoni  electric  motors  very  economical  in  operation. 

Tho  relations,  between  the  power  required  to  drive  the 
K«'n#Tatinfj  dynamo,  and  that  produced  by  the  electric  motor, 
arf>Hiicli  that  the  maximum  work  per  second  is  done  by  the 
motors  trhen  it  runs  at  .<mo/i  «i  rate  that  the  counter  etectrO' 
motive  force  it  j^nnf  Mft\<  in  half  that  of  the  current  supplied  to 
it.  The  niaxinuim  work  or  lutivity  of  an  electric  motor  is 
therefore  done  when  its  tluH>ivtioal  efficiency  is  only  50  per 
cent.  This,  however,  must  be  carefully  distinguished  from 
the  maximum  effioiem^v  of  an  electric  motor.  A  maximum 
efficiency  of  100  i)er  cent,  can  be  attained  theoretically,  and,  in 
actual  practice,  considerably  over  90  percent,  is  obtained.  In 
such  cases,  however,  the  motor  is  doing  work  at  less  than  its 
maximum  jxncer. 

An  efficiency  of  100  per  cent,  is  reached  when  the  counter 
electromotive  force  of  the  motor  is  equal  to  that  of  the  source 
supplying  the  driving  current.  Supposing  now  the  driving 
machine  to  be  of  the  same  type  as  the  motor,  the  two 
machines  are  noir  running  at  the  name  speed.  If  now  a  load 
is  put  on  the  motor  so  as  to  reduce  its  speed,  and  thus  permit 
it  to  produce  a  counter  electromotive  fo»*ce  of  but  90  percent., 
its  efficiency  will  be  but  90  per  cent.  In  such  a  case,  therefore, 
the  efficiency  is  represented  by  tlie  relative  speeds  of  the  gener- 
ator and  the  motor. 
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.  Mvlor  Eleclromoltre   Force— A  term  )ir-(i posed  by 

?.  J.  Sprague  for  the  counlci-  I'lectromotive  foire  of  an  eleiHric 

motor.     (See  Cuunlfr  Klectrtnnotive  force.) 

This   term   was  proposed   by  Spi-ague    oa  exprexsiDg   the 

BpecesHJty  tor  the  existence  of  n  counter  elActroiuolive  fort's  in 

B  electric  motor,  in  oriler  tii  pni'mil  it  to  utilize  the  energy 

|iOf  Uie  electric  cun'eat  ivliii'li  drives  it. 


■  llotor,  Prro-Hagnellc  - 


—(See    Pgrv-Magnelic 


— A  form  of  <vnvection    induction    machine 
Invented  by  Sir  Wm.  Thomson  to  act  as  ttie  replfjiislier  of  his 
fXlettrometer.     (See  EleelroKlatic  Induction  MacMittt.     Re- 
plenisher.) 

Mouae-mil  Djimino,  Sir  Wm.  ThomtAn'* 

J  electric  machine  designed  hy  Sir 
n  the  i"esembtance  of  its  armature 


Bt'm.  Thomson,  unmed  tr* 
ise  mill. 
The  ummlurc  conducloi 
■a  of  cojiper,  arranged  o 


of  IhiB  dynamo  consists  of  parallel 
I  a  hollow  cylinder  like  the  bora  on 


HIouUi  Pieces  .^-Openings  into  uir-chambei-s,  generally 

Crcular  in  shape,  placed  over  the  diaphragms  of  telisphoaes, 

]ogr»phs,  gramophones,  or  graphophones  to  permit  the 

^plication  of  tlie  voice  in  speaking  so  as  to  set  the  diaphragm 

bto  vJbrKtiOD. 

f  The  mouthpiece  may  also  be  utilized  by  the  ear  of  an 
r  listening  so  as  to  be  affected  by  its  vibraltona. 

^  JHoTcr,  Prime In  a  system  of  distribution  of 

^wor  the  motor  by  which  theothera  or  gecotidarj/ vioven  are 


I  In  a.  stenJn  plant  the  steam  engine  in  the  prime 
lacliiiK-H  di-ivcn  by  tJie  main  sliafls  ai'i 
Olcd  the  uteiindary  Toovtrt.     Tbn  maiji  sliaft  li 


;  the 
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driring  shaft.  Its  motion  is  carried  by  meau  of  tettf  to 
otiKT  shafts  called  driven  shafts.  The  belt  pawici  ov&e 
pulleys  on  the  driving  and  driven  shafts.  They  are  called  ra* 
spectively  the  driving  and  driven  puUies, 

Multiple-Arc  C^reiilt.— (See  Cirenits,  Varieties  of.) 

Multiple-Serlet,  Circuit.— (See  Circuits,  VarietieM  of.) 

MoUiple  Switch  Board.— (See  Board,  Multiple  SwiML) 

Moltiplez  Telegraphy.— A  system  of  telegraphy  In 
which  more  than  four  messages  can  be  simultaneously  trans- 
mitted over  a  single  wire,  either  all  in  the  same  direction,  or 
part  in  one  direction,  and  the  remainder  in  the  opposite  direo* 
tion.    (See  Telegraphy,  Multiplex.) 

Multiplier,  Sehureigger'fi (See  Galvanometer,) 

Mutual  Induction. — (See  Induction,  Mutual.) 

Muicleii,  Electrical  Excitation  of (See  Elec^ 

trotonus,) 

Muscular  Pile,  Matteucci's A  voltaic  battery  or 

pile,  the  elonients  of  which  are  formed  of  longitudinal  and 
transverse  sections  of  muscle,  alternately  connected. 

Matteucci's  experiments  appear  to  show  that  the  lower  ttie 
animal  is  in  the  scale  of  creation,  the  stronger  is  the  current 
produced,  and  the  longer  its  duration.  Du  Bois-Rcymond  has 
shown  that  the  muscular  current  is  not  due  to  contact,  but  to 
the  differences  of  electric  potential  naturally  i)OSsessed  by  the 
miLScles  themselves. 

The  nerves  also  possess  the  power  of  producing  differences 
of  electromotive  forces  and  hence  currents.  (See  Electro^ 
tonus.) 

Musket,  Electric A  gun  in  which  the  charge  is 

ignited  by  the  incandescence  of  a  platinum  wire  by  the  action 
of  a  battery  placed  in  the  body  of  the  gun. 

V|rrla  (as  a  prefix). — A  million  times. 


( 


Noaceni  Siale.— A  term  used  in  ehemiatry  to  txprPHs 
oondilian  of  an  elementary  atom  or  radical  just 
Hberatcd  (roni  chemical  combiaation,  when  it  posseRsea  chem- 
ical alTtiiities  or  attractions  more  oaerg^c  than  nftenvaniB, 
Au'ardiu^  lo  GrothOas'  hypothesis,  during  the  decompotii- 
tion  of  a  chain  of  polari».-d  Jiiolecules,  auch  for  example  as  that 
of  hydrogen eujphiile,  H,  80^,  in  a  zinc-copper  voltaic  cell  the 
two  atoiiia  of  hydrogen  H,,  liberatwl  by  thi>  combination  of  tliu 
II  atom  of  EJncZn,  possess  a  stronger  alDnity  for  the 
BOt  of  the  molecule  next  to  it,  tlian  doos  its  own  H,,  and  thus 
liberates  its  two  atoms  of  )iydroj,'«n,  which  in  turn  unite  with 
Jbe  BOf ,  of  the  next  molecule  in  the  polarized  chain,  and  this 
eontiniieu  until  the  two  atoms  of  hydrogen  liberated  rron>  tho 
last  molecule  in  the  chain  are  givvn  off  at  the  surface  of  the 
■popper  ptule.    (See  OrolhQiis'  Ilypc^ftesui.) 

TliB  nascent  state  ofelemenfais  doubtless  due  to  tho  tact 
tliat  tile  elements  are  then  in  a  frte  »late,  with  their  bOTirl* 
open  or  unmitUfied.  and  tlierefore  possess  greater  affinitii-s 
than  when  they  are  united  inmolccules.  Thus  H  — .  H— ,  or 
ofoiFifoftlflrogpn,  should  pOBHessdifferentalfiiiiliefi  than  H— H, 
or  moI*cu/(ir  hy'lnigen. 

KlUuml  Currem«.— <See  Enrlh  Cnri-cnls.) 

NalumI  lMW,—{8ee  Liiw,  .Xiitiiriil.) 

Nuiurttl  nagnel.— (See  Ltxli-atone.   Xalnnxl  Magnet.) 

IHovdIc,  Aotatlo A  sysleiii  of  two  horizontal 

needles,  witli  the  opposite  [loleii  fatting  each  olher, 
idly  uttiwhiMl  lo  a  vurtiu-nl  support,  on  which  they  arn  free 
turn.     (See  Antntin  -Vwd/c) 

The  une  of  an  uKtatIo  needio  lessens  I  he  fonw  required  to 
iMi  the  nitpdle  either  in  the  <rurtli'a  Beld,  or  in  tint  AoU 
anothor  mn^Ticil.     An  oAtatic  Dee>ill»  is  xhown  in  Fig.  UOO. 

I  Tiectdir,    Dipping  —A  muj^UHtiu  nttedlc, 

ji  to  he  tree  to  move  in  a  vr?rtlc:ul  plane,  enplog 
ic  th"  di-vlation  o[  th-?  af,>iil..  ir..iii  !v  iMiixr 
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position,  or  the  angle  of  dip,  or  fnagnBHc  imotkuMom  ct  a 
place.  (See  Dip,  Mctgnetie,  IficlinaHon^  MoffneUe,  IimK- 
nometer,    JndincUion  Chart.) 


Needle,  Mai^etie 


—(See  Compau,  AzimuiK) 


Needle  of  Oseillation, — A  small  ma^etio  needle  em- 
ployed for  measuring  the  intensity  of  a  ma^etic  field  by 
counting  the  number  of  oscillations  the  needle  mAkes  in  a  given 
time,  when  disturbed  from  its  position  of  rest  in  auch  field. 
(See  Intensity  of  Magnetization.    I9odfp^amie  Linea.) 


Needle,  Telegraptaie 


— A  needle  employed  in 


N 


telegraphy,  the  movements  of  which  to  the  lefi  or  right 
respectively,  represent  the  dots  and  dashes  of  the  Morse 
alphabet.    (See  Telegraphy,  Needle  System.) 

Negative  Eleetrielty.— One  of  the 

phases  or  states  of  electric  excitement 
An  electrically  charged  body,  no 
matter  from  what  source  it  has  received 
its  charge,  manifests  either  a  negative 
or  a  positive  charge. 

According  to  the  Double  Fluid  Hy- 
pothesis,    each    of    these    phases,    or 
varieties    of    electric    excitement,    is 
caused  by    the  presence  of  a  distinct 
and  separate    fluid,   endowed  witli  characteristic  properties. 
According  to  tlie  Single  Fluid  Hypothesis,  negative  elec- 
tricity is  caused  by  the  deficit  of  a  single  fluid,  and  positive  elec- 
tricity by  a  surplusage  of  the  same  fluid. 

According  to  another  view,  negative  electricity  is  caused  by 
an  excess  of  the  universal  ether,  and  positive  electricity  by  its 
deficit.    (See  Hypotlieses  of  Electricity.) 

Negative  Element  or  Plate,  of  a  Toltale  Cell.— 

That  element  or  plate  of  a  voltaic  cell  into  which  the  current 
passes  from  the  exciting  liqmd  of  the  cell, 


Fig.  290. 


TERMS  A  NO  I'HRASEB.  480 

L  The  plate  Ihut  ia  not  aclwi  od  by  tlie  electrolyte  during  Ihe 
n  of  current  by  the  cell.   The  copper,  or  carbon  plat« 
P'I««pectively  in  a  tinc-fopper,  or  xinocarbon  couple. 

It  must  lie  carefully  tHirne  in  mind  that  the  conductor  at- 
'  tftcheil  to  the  nrgalift  Klemeitl  of  a  voltaifpUe,  U  the  positive 
eondaetor  or  eleetrv.ic  of  Ihe  pile,  Hince  the  current  that  Bows 
into  the  plate  from  the  liiiuid  or  electrolyte,  must  flow  out  of 
the  plate  where  it  projucts  beyond  the  liquid, — (See  Cell,  Vol- 


ttaic,  Palaritji  of.) 
Nerve  Fibre.  Electric  ExcllabllKy  of- 
ExcilabiUty,  Electric,  uf  Nerve  Fibre.) 
« 
Irut 
far 
Fw 
I* 


--(See 


tWervei,  Aclloii  of  Elcclrlcll)'  on 
lrw(o»i<».     Oalvaniz-ilion. 
Fordizfilimt.    O  at  van  o- 
yaradizatiim-f 


Mot,  Fnraday's 

An  itiBiilul4-<l  nt't  of  cot- 

jfuuiP,  or  other  similar 

ilnrial,  capable  of  1>cjn^ 

turned  inside  out,  wHliout 

bdng  thereby  dischargoil, 

«tnplo;od  for  demonatrat- 

lliat  in  a  charged,  insii- 

fd  Minductor,  Ihe  entire  '^ff  '"'■ 

nccuiiiulated   on   Ihe   outsidp   of  the  i-onductor. 
Faroday'o  net,  na  shown  in  I'i^.  20),  I'onHisffl  of  a.  bag  N,  of 
:tun  gaIlZl^  or  niniuiuito  uniting;,  RUpportnd  on  an  inaulating 
I.     When  ti-stwl  by  a  proof  plane,  no  free  electric  cliHTge 
Inund  on  llii'  inside,  though  sui'h  a  rhnrgc  is  readily  detected 


1  th.' 


By 


4  or  1 


pings  S, S.  Uic  bug  ciui  In?  turned  iiwidL-out,  whi-n  Hi 
ill  then  all  hn  found  on  thn  then  inside  or  i 

Jay  wun  in  tho  habit  o(  protecting  Iuh  delicate  ll 
lopeH  agninxl  vutaidu  elcctrifli^ation  by  uvverin;  Ih^ 


Kilk 

hare* 
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gHUZe.     To  properly  actu  an  electric  acrsen,  tl 
be  connectetl  with  the  earth. 

Fanulay  constructed  a  small  ioeulated  room,  twdva  feet  la 
heij^ht,  hn'odth,  and  ilepth,  covered  insidewith  tla-foil,  awl. 
on  charging  tliis  room  from  the  outside,  he  wm  unable  to  de- 
tect the  presence  of  tlie  charge,  even  by  the  aid  of  his  moat 
dcUcnte  instruments.  This  room  is  often  ooUed  faradoffa 
Cube. 

Network  of  CoirenU.— A  term  sometiniM  iHipIisd  to  a 
number  of  sAwtt  or  derived  cirCKitt.  (Sec  Shunt  or  DeHvtd 
Ciretiitt.    Kirctioff'g  Law.) 

Neutral  Line  of  ComniDtalor  CrUnder, — (See  Lime, 
yeutral,  of  Commutator  Cj/linder.) 

Neulral  Points  of  a  Dynamo  Electric  Machine. 
— Two  |K'intH  of  jpvatest  dillprenc«  of  potential,  on  the  com- 
luiiliktor  I'vliiidci',  siliiuteil  ut  the  oppoxile  enils  of  a  diameter 
llierenf,  ut  wlijt'li  the  colle<'ting  Unislics  must  res?  in  order  to 
L-urry  off  tli.;  iiiri-enl  quietly. 

Tliese  arc  culled  the  neutral  |<oints  because  the  coils  tliat 
are  KJiort  circuited  by  thn  brushes  lie  in  the  magnetically  ncu- 
Iml  ]HiintH  of  llie  iirniatui-e.  (See  Line,  Neutrat,  of  Ctommufa- 
tot  Cylinder.) 

Neutral  Points  of  Thermo-Electric  IMavran.— 
The  points  on  a  thermo-electric  diagram  where  the  lines  rep- 
resenting tlie  thermo-electric  powert  at  any  two  metals  cross 
each  other. 

A  mean  t<'ni|K*rature  for  any  two  metals  in  a  tkermo-tlectrie 
teriea,  atwhii'h,  iftlieir  two  jimctions  are  slightly  over  and 
slightly  under  the  mean  temperature  (the  one  us  much  above  as 
the  other  is  lielow),  no  dilTerenceH  of  electromotive  force  are  de- 
veloped. (Hue  Diagram,  TTienno-Elvcirie..  Coupie,  Tttermo- 
Electric.) 

Neutral  Point*  on  a  Hague  I.— Points  approximately 
midway  between  the  poles  of  a  magnet.  (See  Line,  Neutral, 
(^Mofptet.     Equator  of  Magnet.) 


^  Nickel  I 


WORM,  TKRHS  ANV  PRRASef. 


Ji.— (See  BntliM.  Nickel,  ric.) 


Non>Conduclar«,  lnsulttlarii.~6tiib«tuiii'eH  thut  ullrr 
Deansidemblc  resistance  to  the  passBge  ot  nn  oloctric  ourrrnt 
r  through  their  mass. 

There  are  no  suliHtaniso^  known  Ihal  alifu>liit«ly  prL'Vont  Uir 
How  iif  on  clettrii-  current,  Ihi;  (iilTpreiicc  ot  potentinl  of  which 
?  te  suffidenttf  great,     (8ee  Coniliieliim,  Tnbhtif.) 


Kolallon,  Algebra)*-  — 

symbols  einplojeil  in  algebm. 

Tlie  tollowin^  brief  dewriptii 
algebra  is  for  the  use  ot  tiie  nui 

KQiiantitiea  are  represented  ii 
III  b,  r.  and  y,  etc.. 
Aildition  b  represented  thiis,  n  +  6. 
Subtraction  is  repnisenled  tliiis,  a—  b. 
MvUipUcation  is  represented  thus,  a  x 
g  the  letteTH  next  to  eocli  other  ab. 


— -  — A  syntem  o(  arbitrary 

a  ot  the  notation  employed  in 
'mathematical  reader: 
algebra  by  letters,  such  us  a 


P  IHirimm  in  represented  thus,  «  +  b 


.ilnfi'j'iNtnenf,  ur figure  placed  {()  tbit  right  ut  a  letter,  above 
',  indicates  tliat  the  quantity  represented  by  a,  is  to 
be  muUiplied  by  itself  three  times,  afl  a  x  i  x  n.  or  a  a  a. 

.4  Coefficient,  or  Hgiire  placed  to  the  le/t  ot  &  i|uantity,  in- 

dicnles  the  number  of  times  that  quantity  is  to  l)e  taken;  thus, 

I,  Imlii^atefl  tliat  a  is  to  bo  added  three  timefl,  thus  a  +  a-{- 

orSXo, 

i  A  Radical  Sign  or  Hoot,  thus  f'  a,  or  *  f '  a,  indiuates  tliat  tl>e 

rout  of  tJie  quanlity  a,  is  to  he  taken.    In  the  sama 

'  ■  f"  a,  indicates  that  the  cube  root  of  a  h  be  taken. 


^leae  esprensionit  are  sometimes  written  a' 
KquutHy  i«  indi.:»ii:d  Ihim  ;  a'  =  <i  x  «  x  « 


«i 
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A  ne^tiv«*  (exponent  a~*  indicates  — ,  or  ia  the  winiinunt  of 

the  rociproc^l  of  the  quantity  indicated. 

Null  or  Zero  Methods.— Methods  employed  in  eleetrioal 

measurementB,  in  which  the  values  of  the  eleotromotiTe 
toTVG  in  volts,  the  resistance  in  ohms,  or  the  eurretU  in  amp^retf 
or  otlior  similar  units,  are  determined  by  balaacii^  them 
against  e<)uul  values  of  the  same  units,  and  ■■^^rtmining  soGh 
e<iuality,  notb  y  the  deflections  of  the  needle  of  a  galvanometer, 
or  of  an  electrometer,  but  by  the  ab$enee  ofmuh  di(fUcHtonM, 
The  advantage  of  zero-methods  is  found  in  the  fact  that  the 
galvanometer  or  electrometer  may  then  be  made  as  sensitive 
as  poKsiblo,  which  is  not  always  the  case,  since  great  deflec- 
tions are  generally  to  be  avoided,  especially  in  tangent  gal- 
vanometers.— (See  OcUvanometers.    ElectrometenJ) 

Number,  Diaerltieal (See  DiaerUiecU  Number.) 

Observatory,  Magnette An  observatory  in 

which  observations  of  tlie  variations  in  the  direction  and  in- 
tensity of  the  earth's  magnetic  field  are  made. 

Magnetic  observatories  ai'e  generally  furnished  with  self- 
registering  magnetic  apparatus  such  as  magnetographs,  viog^ 
netometers,  inclinometers.  (See  Magnetometer,  Magneto- 
gra2)h.    Inclinometer.) 

Magnetic  observatories  are  generally  constructed  entirely 
of  non-magnetic  materials,  that  is,  of  such  materials  as  are 
destitute  of  paramagnetic  properties. 

Oeeiusion  of  Gases.— The  absorption  or  shutting  up  of 
a  gas  in  the  pores,  or  on  tlie  surfaces  of  various  substances. 

Carbon  possesses  in  a  marked  degree  the  property  of  ocdiict- 
ing  or  absorbing  gases  in  its  pores.  Tliese  occluded  gases 
must  be  driven  out  from  the  carbon  conductor  employed  in 
an  incandescent  lamp,  since  otherwise  their  expulsion,  on 
the  incandescence  of  the  carbon  consequent  on  the  lighting 


vrtrnDe,  tbshs  akd  phkabkb.  till 

I  of  the  lanip,  will  dCBlroy  Ihe  high  vacuum  ii[  llio  lamp  cham- 
ber, aod  tlms  Ii!iu1  to  tlie  iilLiniute  d^truction  of  the  liuiip. 
(Bee  Lftmp,  Eleciric  Incandescent.) 

Odoracope.— An  apparatus  in  nhiph  the  determination  of 
Rn  odor  was  attemtiliid  by  the  lui^ttsureiiient  of  the  elTix.'t  the 
odorous  va]Kir,  or  effluvia,  produced  on  a.  variablo  contact  re- 
,   Blstance. 

The  mfero(a«imc(Fr  was  used  in  connection  with  the  odor- 
'   scope.     (See  JHagoTiteter.     Microttuimeter.) 

Oeratedt,  An A  proposed  torni  for  the  unit  of 

[  «leGtric  current,  in  place  of  uu  ampdre. 
The  term  has  not  been  adopted. 
Ohm— The  unit  of  electric  resistance. 

Such  aresistAn(«aswould  limit  the  flow  of  electricity  under 
I   an  electro-motive  fori-e  of  one  volt  to  a  current  of  one  umpire, 
f  coulomb  ]jer  geeond.     (See  B.A.  Unit.    Legal  Ohm. 
Standard  Ohm.) 

Ohm,  Legal (See  Legai  Ohm> 

Ohmtv  or  True  Reibtancc— The  (rue  reaiatance  of  a 
Wuductor  due  to  its  dimensions,  and  specific  conducting 
tower,  as  OiHtingiiishcd  from  the  aptirioua  resistance  produced 
J  a  counter  electromotive  force.  (See  Counter  Electromo- 
>'orce.    Motors,  Electric,    Resistance,  Spariout.) 

eter. — A    coniniercial   galvanometer,   devised   by 
ton,  for  directly  meaaiiring  the  resistajice  of  any  part  of  a 
t  Ihroug-h  which  a  strong  current  is  flowing,  by  the  de- 
'  a  niBgnctic  needle. 

s  ohmmeter  is  represented  diag-rammatically  in  Fig. 
,  Two  coils  C  C,  and  c  c,  of  u  abort  thick  wire,  and  of  a  long 
n  wire,  respectively,  ure  placed  at  right  angles  to  each  other, 
I  a  so/t  iron  needle  situated  as  shovm.  The  short 
k  wiro  coil  C  C,  is  connected  in  trrien  with  the  resistancv 
a  b«  measured.  The  large  line  wire  coil,  of  fcnou^  high 
Itlttunee.  Im  pluced  as  a  shunt  to  the  unknown  riwistunce. 
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Under  these  circumstanocs,  it  can  be  shown  that  tlM  acCkm 
on  the  needle  is  due  to  the  ratio  of  the  differenoa  of  potmtial 
at  the  terminals  of  the  unknown  reniBtanoey  and  the  ooireni 

E 

strength  in  the  thick  wire  coil,  or,  R  =  — ,  as  may  be  deduced 

C 
from  Ohm*8  law. 

The  coils  are  so  proportioned  that  the  current  "when 


Fifj.  SVJ. 

throug-h  the  sliort  tlii(."k  wire  niov«^  the  needle  to  the  zero  of 
the  walo,  while  the  long  thin  wire  produces  a  deflection 
directly  proi>ortional  to  tlie  resistanco. 

Ohm'N  LaM',— TTic  strength  of  the  current  in  any  circuit, 

is  directly  proportional  to 


T" 


^ 


I 

r 


FHff.tBS. 
trtynwtire  force  by  the  resistance, 

Ohni*H  law  iH  i^xpn^siMl  algebraically,  thus : 

E 

K 


the  difference  of  potential, 

tor  electromotive  force  in 
that  circuit f  and  invereelf 
C  projyortional  to  the  rcM- 
tance  of  the  circuit,  i,  e.,  ii 
equal  to  the  quotient  oria- 
ing  from  dividing  the  e/e.- 
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valla,  anil  i.Iil'  rMi«- 
tlie  current  atreniftli 


^  It  lli(>  ^liH/tro-Uiulive  Turcc  in  given  li 
fftiFM,  tliB  formula  will  ^v« 
Urei'tly  in  imipfrm. 

•  ri^KisUtice  of  iiny  electric  circuit,  ox  lor  (?Xiimiil<;  Hint 
n  iu  ¥ig.  SOU.  nonsista  of  three  pikrls,  vib.; 
'   (J)  Tlic  resistance  of  the  Source,  r. 
,  (2)  That  (jf  the  Conduettiig  IV/rc*  or  LeadK,  r'.  and 
'  (8)  That  of  the  Elertru-Rtceplive  Device,  r",  energiaeil  by 
current.    Olmi's  liiw  applied  to  this  case  would  be 


HIU1  or  the  sepumte  retiist&ncN. 
E 
Since  C  =  — ,  <1) ;  then  E  =  C  R,  ( 
K 


s  dreiiit  is  equal  to 


[  ~  —.  (31. 
C 
P  Sut,  sincM!  n  current  of  one  ftin[)*re  is  equal  to  one  eoalntab 
ftr  teeimd,  i  hen,  in  order  to  iteiermine  in  coulombs  the  quan- 
y  of  elwiti'icity  poashig  in  a  given  number  of  mcowIb,  it  is 
'y  neoeaaaiy  to  multiply  Ihe  euri-ent  by  the  time  in  scconda, 
WQ  =  CT.  «). 

i-e.  referring  to  tlic  ahovn  oqiiiitions  (I ),  (3).  (8)  and  (4), 
Eordinf);  to  Ohm's  low, 

i)  The  airrent  in  amperm  is  ominl  to  tli-?  electromotive 
wfn  voitt  divided  by  the  rcsislance  in  iihtiui. 
|i^)  The  ulectroniotlve  force  in  wJ/ji  is  eqiml  to  the  product 
E^Ctbe  enrrent  in amiifref,  unit  the  resislAnce  in  ohmK. 

(8)  Tlio  resistjuicc    in  ohmii  is  equal  lo   the  electromotive 
force  in  volta  divided  by  the  cuimnt  in  ampfivK. 

(4)  The  tiHimtity  of  electrloity  In  eoulnmlig,  is  equal  to  tha 
current  in  nmyti'rr*  mnltipliud  by  the  time  In  >*ronds. 
Open  ClrcHll.-(8ee  rireuif.  Broktn^ 
Opllcat  Htlruln.—A  delurmation  or  u.ttemtion  of  voluma 
piadu<L'f<<l  In  a  platn  of  gtaM.  or  other  tnuiM|tarent  niedjum,  by 
"  t  ucUun  of  any  »>tr«<w. 
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The  effect  of  this  strain  is  shown  by  the  actkm  of  tiie  mHli*ni> 
on  a  beam  of  plane  polarized  light. 

Optical  Strain,  Eieetro-MagBCtie  — ^ — ^A  stnu 
produced  in  a  plate  of  glass  or  other  traosparent  mediiim  I7 
pUu'ing  it  in  a  magnetic  field.  (See  EteetrthMagneHe  Shrem, 
Magneto-Optic  Rotation,) 

Optical  sti'ain,  whether  electrostatic  or  magnetiCt  or  even  me- 
chanical, often  cauBes  a  medium  to  acquire  the  power  of  dotfM 
refraction  y  or  rotary  %H3larizaiion.  (See  DcncMe  lUfraMiMf 
Electric,    Magneto  Optic  Rotation,) 

Optical  Strain,  Electrostatic A  strain  pro- 
duced in  a  plate  of  glass,  or  other  transparent  solid,  by  subject- 
ing it  to  the  stress  of  an  electrostatic  field.    (See  Electrottatie 

StrcHH.) 

To  obtain  the  electrostatic  stress,  holes  are  drilled  in  the 
plate  of  glass,  and  wires  from  a  Holtz  machine  or  induction 
coil  placed  therein,  the  wires  being  separated  by  a  thin  layer  of 
glass.  The  glass,  on  being  traversed  by  a  beam  of  plane  po- 
larized light,  rotates  the  plane  of  its  polarization  in  the  same 
direction  as  the  glass  would  if  subjected  to  a  sfratn  in  the 
direction  of  the  lines  of  elective  force.  (See  Magneto- Optic 
Rotation.) 

Optics,  Electro That  branch  of  electricity  which 

treats  of  the  general  relations  that  exist  between  light  and 
electricity. 

The  phenomena  of  electro-optics  may  be  arranged  under  the 
following  heads,  viz. : 

(1)  Electrostatic  Stress,  produced  by  an  electrostatic  field, 
causing  an  optical  strain  in  a  transparent  medium,  whereby 
such  medium  acijuires  either  the  property  of  rotating  the 
plane  of  polarization  of  a  beam  of  plane  polarized  lights  or  of 
doubly  refracting  light. 

(2)  Electro-Magnetic  Stress,  produced  by  a  magnetic  field 
causing  an  optical  strain  in  a  transparent  medium,  whereby 
such  medium  acquires  either   the  property  of  rotating  the 


I 


pl&ne  of  polutizntiun,  or  of  doulily  refj-iLcUnf;  liglil.  (Sec  Fo- 
laHsat ion  of  Light.     Doable  Be/ratUon,  Elrclrie.) 

(S)  Changes  in  the  electric  resistance  of  bodies  caused  hy  the 
■Ctioii  of  li^ht.    (Seo  Selertiuni  Cell.) 

(4)  The  relation  existing  between  the  values  of  the  index 
of  refraetifM  of  a  ti-ansparent  medium  and  Its  gpedfic  indur- 
tivteapaeitp.  (See  Refraetion.  Speeifie  Induettve  C'opaeitji.) 

This  relation  has  been  shown  to  be  as  follows : 

The  specific  inductive  capa^^ity  Is  approximately  eiiunl  to  the 
■quare  of  the  index  of  refractjon. 

<6)  Tiie  relaliun  existing  between  the  velocity  of  light  and 
-ttui  value  of  the  ratio  of  the  electrostatic  and  the  elcctro-moK- 
aotic  units,  thus  giving  a,  basis  for  an  electro^uignetic  theory 
tf  light.    (SeeZ-fflH  Electro- Magnetic  Theory  of.) 


OrdlnaloH,  AiU  of— 


(See  ilhsMMoi",  Axiaof.) 

(Set-  Fumaeei, 


Orsan,  Elerlrlc A  wind  organ,  in  which  the 

raacape  of   air  into  the  different  pipes  is   electrically  con- 
(faolled. 

electric  organ  the  keys,  instead  of  operating  levers 

I  ~U  usual  to   admit  tlie  passage  of  air  into   the  pipes,  merely 

make  the  circuit  of  a  balli^ry  through  u  ntries  of  coiitrolliDg 

eledro-niagnets.    Willi  such  an  arrangement,  the  keyboard 

con  he  placed  at  any  desired  distance. 

Electric  organs  have  been  constmcted,  in  which  a  chemical 

^pr  mechanical  recoi'd  is  mode  of  tlie  notes  sti'uck  by  the  per- 

a  well  as  tlie  luusical  value  of  these  notes.     By  such 

j^device  tlie  musical  creutions  of  a  campaser  are  permanently 

Mrded  In  cliuroclers  tliut  are  cajiable  of  interpretation  byj 

mpositor  skllletl  in  muaical  notation. 

lOnrtllaiUiK  ■>l*cliiirg<^-— IS^  OiMAargv,  C^rfS' 

|0«clllailii|(  Woe41«.— (Sve  y*ritte  of  Q 
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Oscillation,  Ceatre  mt ^The  poiiit»  in  a  \iotf 

supported  so  as  to  swing  like  a  peiiduliiin»  'vrhicfa  ii  aeitfaer 
accelerated  nor  retarded  during  its  osclllationa. 

The  centre  of  oscillation  is  always  below  the  oeotre  dgrmV' 
ity.  The  vertical  distance  between  tlie  centre  of  oacJIIatioa 
and  the  i)oint  of  support  of  a  pendulum,  determinee  the  virtmal 
length  of  the  pendulum  and  hence,  its  number  of  vibratioM 
per  second.    (See  Pendulwn,  Laws  of.) 

Oseiliationii  Electric The  seriee  of  par- 
tial, intermittent  discharges,  of  which  the  apparent  instan- 
taneous discharge  of  a  Leyden  jar  through  a  small  resistanoe 
actually  consists. 

These  partial  discharges  produce  a  series  of  electric  oeciUa- 
tions  of  the  current  in  the  circuit  of  the  discharge,  which  con- 
sist of  a  true  to  and  fro,  or  backward  and  forward  motion  of 
the  electricity. 

OsmoHC. — The  unequal  mixing  of  liquids  of  different dens- 
itif'H  through  the  pores  of  a  separating  medium. 

If  a  solution  of  sugar  and  water  be  placed  in  a  bladder,  the 
neck  of  which  is  tied  to  a  straight  glass  tube,  and  the  bladder 
is  then  inimci*sed  in  a  vessel  of  pure  water  with  the  tube  in  a 
vei*tical  position,  the  two  liquids  will  begin  to  mix,  the  sugar 
and  the  water  passing  through  the  bladder  into  the  pure  water, 
and  the  pure  water  passing  into  the  sugar  and  water  in  the 
bladder.  This  latter  current  is  the  stronger  of  the  two,  as  will 
be  shown  by  the  water  rising  in  the  vertical  glass  tube. 

The  stronger  of  the  two  currents  is  called  the  endosmotie 
current  J  and  the  weaker  the  ejco»motic  current, 

Oiiinote,  Electric A  difference  of  liquid  level 

produced  in  two  liquids  placed  on  opposite  sides  of  a  diaph* 
ragni  on  the  passage  of  a  strong  electric  current  through  the 
liquids  between  two  electrodes  placed  therein. 

The  higher  level  is  on  the  aide  towards  which  the  current 
fiowB  through  the  diaphragm,  thus  api>arent1y  indicating  an 


mward  motioii  of  the  liquid  with  llie  curreat,  or  in  otlier 
wonis,  thp  Uquid  U  higher  abont  the  kathode  thiin  the  aaiidt. 
Ths  diffet-cDce  of  level  ia  the  nioi-e  marked  when  poorl^coa- 
ducting  liifuids  are  employed. 

As  a  foiiverse  of  thii,  Qiiinrke  has  shown  that  electric  cur- 
rents arc  set  up  when  a  liquid  is  toi-eed  \iy  pressure  through  n 
porous  diaphragm.  The  term  diaphragm  currentii  lias  been 
proposed  tor  these  currents.  Their  electro-motive  force  de- 
pen<ls  on  the  nature  of  the  liijuid,  on  the  material  of  the  diii- 
phragm,  and  on  the  pri'saurc  that  forces  the  liquid  through  the 
liAaphragni.     (See  Bieclro-Cujnttnrff  Phenomena.) 

Oatput  of  D)-uatno-Elcelrl«  Mfkchines.— The  eteL> 
trie  power  of  the  current  genemted  by  a  dynamo-electric 
inoi'hine  expressed  in  volt-ampiren,  or  tcalU. 

8.  P.  Thompson  suggests  that  dynamo-electrii:  TOai;liine«  he 
.  rated  as  to  their  practical  safe  capacity  in  units  of  output  of 
}  wattn,  or  one  kilo-watt.  According  to  this,  an  6-unit 
tchine  might  give,  say  100  amperes  at  a  difference  of  poten- 
if  81volt8,orS,000amp£resata  difference  of  potential  of 
ir  volU.  StiLtli  a  unit  wotdd  be  far  more  expressive  than 
«  usual  method  of  rating  a  machine  iis  iiaving  a  capacity  tit 
ich  and  such  a  number  of  lights. 

Overtone*. — Additional,  faint  tonus,  ws^ompanying  m-arly 
rery  distinct  musical  tone,  by  the  present's  of  which  it«  pecu- 
irity  or  quality  is  produced.  (See  Qunliti/,  or  Timbre.) 
Oxsne. — A  peculiar  modillrailion  of  oitygen  which  {kib- 
BBCR  more  jiowerful  oxydizing  properties  than  ordinary 
tygen. 

»  now  generally  hetieved  to  he  tri-atoniic  oxygen,  or 
tggt'n  in  which  tlic  bonds  are  closed.  Ihus : 


nliM'rvpd    when   a  torrent  of   sparlM 
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pasHes  between  the  tenniiuils  of  a  Holts  ffmhtiwr,  or  a  BubB- 
korfr  coil,  U  caused  by  the  oaone  thus  formed. 

In  a  Bimilar  manner  osone  is  formed  in  tiie  sftinot* 
phere  during  the  pasKs^  throu^  the  air  of  a  fisah  of 
lightning. 

During  the  so-called  electrolysis  of  water,  some  of  the  axy* 
f^.n  is  given  off  in  the  form  of  osone.  The  volume  of  the 
oxygen  liberated  is,  therefore,  somewhat  less  than  half  tlie 
volume  of  the  hydrogen. 

Palladlom*— A  metal  of  the  platinum  group. 

Metallic  palladium  haj  a  tin-white  color,  and,  when  polished. 
a  high  metallic  lustre.  It  is  tenacious  and  ductile,  and,  like 
iron,  can  be  welded  at  a  white  heat.    It  is  very  refractory  and 

|M)ssesses  in  a  marked  degree  the  power  of  absorbing  or 
<)i*clii(lin>^  hydrogen  and  other  gases.  It  is  not  affected  by 
<»xygen  at  any  temperature,  nor  readily  affected  by  ordinary 

(•orrosive  agents. 

I*alladluni  Alloys. — Alloys  of   palladium  with    other 

metals. 

Palladium  forms  a  number  of  useful  alloys  with  various 
meUils.  Some  of  the  alloys  are  as  elastic  as  steel,  are  un- 
afTeded  by  moisture  or  ordinary  corrosive  agencies,  and  are 
entirely  devoid  of  j>aranuigneiic  %)ropertieH, 

These  properties  iiave  been  utilized  by  their  discoverer, 
Paillard,  in  their  eniploj'ment  for  the  hair-springs,  escape- 
ments and  balance  wheels  of  watc^hes,  in  order  to  permit  tiie 
watches  to  be  carried  into  strong  magnetic  fields  without  any 
appreciable  effects  on  tlie  rate  of  the  watch.  A  number  of 
careful  tests  mode  b}'  the  autlior,  by  long  continued  ex- 
IK)sure  of  watches,  tints  protected  by  the  Paillard  alloys, 
in  exti*aordinary  fields,  show  that  the  protection  thus 
given  the  watches  enables  them  to  be  carried  into  the 
strongest  possible  magnetic  fields  without  appreciably  affevH- 
\Mk^  their  rate. 


^^^^^^^H^^H 

The  Paillan]  pallod 

uiii  ulloya  have  tlm  foll..wiiiif  funiposi- 

tion,  vir-: 

Alloff  !fo.   I. 

H             Palliidiuni 

0 )  to  75  imrls, 

K            Copppr 

l5to25      ■• 

^L         Iron 

Ilo   S      ■■ 

AUotf  l^o.  a. 

^H       Palladium 

Mtu75      " 

^1        Coppur 

SOtoBO      •' 

^M        Iron 

5to80      '• 

.dUby  No.  S. 

65lo75      " 

^^P       Copper 

13toS5      •' 

^B        Nickol 

1  to   5      •• 

^m      uoi<i_ 

__..  Ilo    a^  " 

^H        PlaUnum 

>^to    3       ■■ 

^H        Silver- 

3t«10      " 

^H        Bteel 

1  to    5      ■' 

AOofi  No.  4. 

^1       PdlWium 

40  to  BO      " 

^B      Silver 

MloM      •* 

^1     c«>pp«'- 

istoas     ■' 

^H     ooid 

3to    5      " 

^H      PlotJnam 

2to    5      " 

^B      KidMl 

3lo    5      " 

^H      StMl 

3to    3      '• 

^^■Sbegrcat  value  of  UieM  u]1o;h,  when  employed  fur  thi^  hair-               H 

thciir  inoxidJKabilily,  hut  porUculnrly             ■ 

^DtDni  the  liu:l  thul  their  olsaUdty  ia  upproxin lately  the  same               H 

^Hnr  ooiuparuUvvly  wide  rungea  of  tvin]iemtiire.                                      ^ 

■[Fan«.  na«t<-  — 

AHheptofplasaroverei!  wiliipiecoB               H 

^Btin  foil  Willi  Hinall 

sptw^es  betwiwn  them  pasled  in  HOitie  de-               ^| 

^Hpl  on  ll>e  glass. 

^^ 

^■pll    Uie  dis<:liivr^e  ( 

t  u  L<-yd.-in  jiir  through  these  metalUB^^^^^ 
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piecex,  the  design  is  seen  as  a  sertes  of  minute  mpmxkm  thai 
bridgo  the  spaces  between  the  adjacent  pieoea  of  foil. 

Panteleyraptay,    or    nMslmlle   Telcfliraphjr.— A 

system  for  the  telegraphic  transmission  of  charts,  dJa^rams. 
Nkptches   or   written  characters.     (See   Teiegraj^y,    Fae^' 

mile.) 

Paper  Carbons. — Carbon,  of  textile  or  fibrous  origin, 
obtained  from  tlie  carbonization  of  paper. 

The  carbonization  of  paper  is  readily  effected  by  submitting 
it  to  the  prolonged  action  of  a  high  temperature  "vrhile  out  of 
contact  with  air. 

For  this  purpose  the  paper  is  packed  in  retorts  or  crucibles, 
iiiul  covered  with  lamp-black,  or  powdered  plumbago,  ia 
oiilor  to  oxrliule  the  air. 

Since  j)iiper  consists  of  a  plane  of  material  uniformly  thin 
ill  Olio  direction,  formed  almost  entirely  of  fibres  of  pure  cel- 
lulose, the  greatest  length  of  which  extend  in  a  direction 
nearly  parallel  to  that  in  which  the  paper  is  uniformly  thin, 
it  is  clear  that  sheets  of  this  substance,  when  carbonizes), 
should  yield  flexible  carbons  of  u'nusual  purity  and  electricul 
homogeneity,  since  such  carbons  are  structural  in  character, 
and  are  unifornily  affected  by  the  heat  of  carbonization,  to  an 
extent  that  would  be  inij)ossible  by  the  carbonization  of  any 
material  in  a  mass. 

Paper  perforator,— An  appai-atus  employed  in  systems 
of  autoinatic  telegraphy  for  punching  in  a  fillet  of  paper, 
circular  or  elongated  s]>aces  that  produce  the  dots  and  dashes 
of  the  Moi-se  alphabet,  when  the  fillet  is  drawn  between  metal 
terminals  that  form  the  electrodes  of  a  battery.  (See  Teleg- 
raphy ^  Autanuitiv,) 

Parabolic  Reflector. — A  reflector,  or  mirror,  the  reflect* 
ing  surface  of  which  is  a  paraboloid,  or  such  a  surface  as 
would  be  obtained  by  the  revolution  of  a  parabola  about  its 
axis. 
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A  pfuwliolio  liurve,  which  may  be  regarded  as  a  section  o(  a 
parabola,  is  shawn  in  P^g.  304.  A  parabola  lias  tbe  to]lowing 
properties  :  It  Hues  F  P.  F  P.  etc.,  be  drawn  fi-om  the  point 
F,  called  the  focuH,  lo  uny  poini,  P,  P.  etc.,  in  the  curve,  an^ 
the  line-s  P^,  Pji,  P;j,  etc..  bp  tlicn  drawn  aeverallv  pai-nilel  to 
the  axis.  V  M,  then  all  euth  angles,  F  Fp.  FPp.  will  be 
bieected  by  verticula  !o  tangents  at  the  point  P,  P,  and  P. 

Therefore,  if  a  light  be  plotted  at  the  focus  u(  a  ]iar>Lboli(i 
reflector,  all  the  light  reHected  will  pass  oti  sensibly  parallel 
to  the  axis  V  H. 

In  locomotive  head  lights,  a  lanip  Is  pliu'ed  at  the  focus  of  a 
parabolic  reflector,  and  the  parallel  beam  so  obtained  utilised 
for  the  ilhiminatioQ  of  the  track.    InasMirch 
light,  an  electric  arc  lump  is  placed  in  a  para- 
bolic reflector,  nr  at  the  tocua  of  a  lens. 

A  pamhotic  rellei.'tor,  such  as  k   used  for    , 
bearch  lights,   is  shown  in  Fig.  2Sr>.     A  fo- 
cussing ari:  lamp  must  be  used  for  this  pur-  '' 
pose,   so   as  to  luaintuiu  the  voltaic  arc  iil  ' 

»lhe  focus  of  the  pui-abolic  reHector,  notwith- 
Btandlng  the  consumption  of  the  carbons. 
Pamfflnc— The  name  given  to  various 
iolid  hydrocarbons,  of  the  niarsh-gus  series,  f^-  's'- 

that  ore  derived  from  coal  oil  or  petroleum  by  the  action  of 
nitric  acid. 
ParoBne  po8sew«s  cxcetletit  powers  of  insulation,  and  forms 
K  good  dielectric  medium.     Dried  wood,  boiled  in  melted  par- 
afllne.  forms  u  fair  insulating  mat«rial. 

Pitracrelea.— I'ightning  rods,   intended  to  protect  Delds 
he  dentructivn  action  of  luu'l.     (See  JIait,  AMHmfd 


ciui8e<l  by  electricity. 


p/f''    P 
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Parallax.— The  apparent  ungiilnr  •lisplac^tneait  Af  u  e6- 
jort  when  si'cn  [i-<>m  two  (lilTTont  iiointH  nf  vi«w. 

In  reiuiiiig  the  rxact  ilivitiion  «ii  a.  jM-nle  to  wbirfi  n  nMJk 
poiulH,  I'aro  must  be  Uikcn  to  look  i11rc«-tjy  duu-n  on  thn  aoodlo, 
and   not   sidowajnt,  e<i  m  !■> 
avoid   Uie  error  of  dKfibc^- 
iiieul  iliN>  Ut  jiaratlttr. 

Parallel  Clrcnlt.-A 
raiiie  somMimes  applied  W 
circuitB  rtmneclpd  id  niM/rqib- 
orr,  (See  CirrHtta,  l'«r»rftft 
of.) 

Parnllelof raM  <rf 

Force*.— (Sep  forcra,  Pv- 

allelogram  of.) 
PHramasnci  ic.  —  s  u  b  ■ 

nUim-'^s  possessing  (lie  proper- 
ties ordinnrilv  i-tfLy>)^ixnl  oe 
iiiiifnietir- 

8llllstIu:l(^<»  pot 
puwer  of  mncentrating'  I 
lines  of  magn^Uc  rones  i 
tlirm. 

Pumuiug'netii' '»  a  t«rui  ei 
ployed    liT    i'ontiii-(li!itinclid| 
to   liiamiignetl-e.     (Sob 

"o-  *"■>■  aiihslnnce,  rut    in  U>«i    fonf 

or  a  bar  whose  Icngtti  m  much  groatflr  than  its  brv*dtji  n 
tliicJcnees,  when  siiBpendiMi  in  n  magnetic  lleld  In  the  n 
Hhdwn  in  Fi^,  Sift,  will  lake  up  u  piisition  oF  rvst  with  H 
il'-foleiit  length  in  llir-  din-etioH  of  thr  ImrM  of  forvf,  L  4 
will  point  lucialiff.  In  othor  words  (he  llnca  of  foFVA  WlU^ 
pnsR  through  tlie  piu-amagnetjc  siibHUuicwt  iks  lo  reduce  t 
na\)nftir  rettntnnce  rif  |he  i-ircuilos  mucli  us  puaeihie. 


n 


I  Furnmagnctic  sutetancKi,  Ihorefore,  ooticenlmU  (ho  lini'sut 
hnm.  (See  Resistance,  Magnetic.) 
Diamagaetio  subBtauoes,  ua  the  contrftr;.  placed  as  shown 
in  Fig.  396,  aisiime  a  position  of  riwt  wiUi  their  least  ditnen- 
tiooM  in  the  direction  of  the  linen  of  force,  \.  c,  tiiey  t'"'"^ 
equatoriaUff.  This  is  the  |)o«itioa  in  which  liiey  ac^  placed  by 
til*?  lines  of  force,  in  order  to  ensure  tlie  tenxt  mugnf-tie  renixt- 
anee  in  the  circuit  of  these  lines.  The  magnetic  resistance  of 
^magnetic  substances  is  great  as  conipai'd  with  tliat  of 

ramagnetio  substances. 
■The  temi  ferro-irtagnetic  has  been  proposed  for  pariimag- 
fftic.   If  another  teim  be  required,  whicii 
■  doubtful,  tidero-iimgnetie  proposed  by 
.  P,  Thompson,  would  be    far  prefer- 
(8ee  Ferro-MognHic.    Sidfro-Mng- 
•■) 
Kendall  beUeves  that  the  magnetic  po- 
iritypoasesscd  by  diomagnetic  substances 
I  a  distinct  |)olar  force,  dillerent  in  lis 
lattire  from  orilinory  magnetiism.    (Sec 
PtAarity,  Diavtaijnetic.) 
ParamacnetUm.— The  miu^eti^i 
a.  paranugnetii-  Huhstanpo, 

lllful   Currenl*.— (Ue<-'   Cii 

mta.  Eddy,  Fouennlt.  or  Local.) 

llonnireH.— A  French  term   for 
^lining  rods,  sometim>>H   employwi    in    English    technical 


liightnlng  I'od  would  upp-ar  to  he  the  prefnraljle  term, 

I  Kiirib.    (S<->e  K'lrtlm.) 

Mire  Klnlt',— The  i«ndltion  of  a  melullio  substance 
it  may  lia  plaued  in  liquiiU  that  w^iuld  ordinarily 
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rliotiili-ally  <M>mblne  wllti  it.  wiUiuul  being  ultacked  c 

It  In  vnry  iloiihttul  wlii>lh>!r  in<'tn11ic  boilies  c&n  be  propel 
mitiinlpil  nn  piWHontinif  u[i  tu'Iiuit  luiasive  Htate.  Iron, 
uxiitii|ili'.  wliii^li  In  onii  ut  the  inRtiils  that  is  sajil  ta  be  capi 
lilc  nf  n.-«niiiiiig  tilts  nil  culled  pnjwffe  ii((i(p.  .>an  be  phuw 
III  lliiHi'iiiulllinnby  iiiiiiiei-BJnglt  forafew  tiiumeDU  U 
tt'iili'il  iiili'ii*  lu'iil,  ivntl  MubsiMgui^ntly  wushing  it.  It  will  tbea 
iiiilikii  iinliimry  imn.  ni>itlior  bo  attacked  by  eoDcentrate 
nitrii' acid,  nor  will  il  prod  pi  tote  copper  from  its  Holutiom 
Tbiii  iHindllion  is  now  gi'numlly  believed  to  be  due  to  the  few 
Diiilion  of  A  thin  oonUnj;  of  magnetic  oxide  on  its  surface. 

Mnny  of  thp  inalanoes  of  tlie  so-<«lled  passive  slate  w 
siii>pl,V  raiflra  ut  Uiu  well  known  electrit'al  {ireservftlion  4 
iiK-tflU  tliiil  form  till!  nt'K'itJve  element  of  u  voltaic  comhiai 
(Inn,  iindt'r  wliU'li  firi'iimal«nc*is  Ihf  gHisitivc  element  oaly  1 
lhi>  vottaii'  (-uuple  in  obemicitJl.r  uUa>:kt><l  by  the  e]«-tr<dj1 
(Soe  fVrt,   Viiltaif.    Mrtal*.  Blectrintl  Preaerralitm  a/.) 

P.  n.  or  p.  <l. — A  ooitlraction  frequently  employed  ■ 
ililTvn'iio- i<r  pi>lenti«l.     (Sw  FHfemrt  i>/ PottntiaL) 

Pritirr  Kfl*rt.— (S^-  Kf^t.  PrMirr.) 

I*<>m4iiI«k,  Kl««lrtv ^A  pendolnin  so  mnwagt 

thftl.  In  tl*  lo-«Md-lru  MolMMis.  tl  sMk^  eteetnc  impula*  on 
A  llnr.  «iUMr  hj  nwkinff  Ntd  brraWwg  i-ontarb.  01 
orhtrh  th»  to  and  fro  n 


farther 


dUrOMitiMt  <if  timei. 


pCHMS,  «hK  vf  otaUet  fi»^  tWMuUcd  A«  Ihn  *mt*  < 
b«M  i.<l  jlcrl  nJW  r*Mta^  or  «•  twnwg  forts.  m«  <■ 
hr  the  iMorpuec  c(  M*»Ub*MC  OW 
Nata  UM  BN  mItm^v  paBsiac;  ii 
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uiphntgiii,  InwiLnln  and  fi-om  u  cnJI  of  vi 
^  4ion  of  uu  electric  penihiliiiti. 


Pcndutum,  Law*  nf 

Jiress  tlie  peculia^rilies   ut 
Aitimple  pondulum  ia  oni 
^Aidered  lui  concentniteil  at  ii  Mingle  iHiInt, 


The  liiws  wliioh  ex- 

iiiot.liiii  lit  A  Bi:ii|)le  {H.-iiduliim. 

whicli  tlio  PiifiTO  weight  ia  cwn- 

>|)cnded  ut  tin' 


I  «nd  of  a  weighUiwa,  infiexihic,  and  inex(«nHLble  11 

TIk  folliiwing:  lira  the  laws  of  the  simple  penUiiluin  : 
(I)  OBcillatinns    i>f    smiill     amplitude     ui'o    approximately 
I  fyoehronottt;  that  ih,   arv   niadc   in   linit.'<i   thul  ure  eensibly 
llWiuul.     (See  AmpUladeof  Vibration.     Jnuehroniian.) 

(3)  In  pendulums  of  different  lengths,  the 

^durutionof  tho  ost'illationK  is  |n'0|K>rliohul  lo 

I  thn  square  root  i^f  the  length  of  the  pentluluni. 

(8)  In  the  same  pendulum,  the  Icnglh  liL-ing 

invariojtle,    the    duration    of   Die 

1   is    inversely    proporliouul    lo    tlie 

■quore  lUDt  of  the  intensity  of  gravity. 

ThP  intrnnilynf  grnMty  at  any  latitude,  may 

w  be  deli^rniiniKt  hy  the  nun)hei'  of  osviilatioiiR  of 

y&  pendnlumof  ugivonlengUi.     In  tlie 

I  »l(j/  of  (I  mognrtu-  flrlil,  or  the  intensilu  of  magnetization  of 

I  inii^iel,  rnay  lie  iletiL-rniinod  liy   tlie  netdle  of  ancillatian, 

I  olwerving  the  number  of  oscillntionH  a  nccdlt<  niaken  in 

a  given  time  when  disturbed  from  its  ixiHJtjori  of  rest.     (!4t^> 

fleedle  of  0»fillutiim.) 

limplp  phyHiiuil  pendulum  is  a  physical  hnpusHLbilit^', 
lth«i  virtual  Itngth  of  a  pendnhiin,  thikt  is,  the  vertical  distance 
Ifwtwecn  its  point  of  support  tii  the  nntre  of  oncUlatvm  is 
'   '    n  aa  Uie  true  length  of.  the  pprntuhim. 

« irregularly  slia[>e)l  body,  shown  in  Pig.  207,  whose een- 

'f  gravity  in  ul  U,  is  made  to  swing  like  a  pcnduhim,  eithw 

>rO,  Ha  oscillations  wIM  he  performed  in  e<|iial  times,  and 


na.t»7. 
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the  body  will  act  hm  a.  liimple  pendulum,  whose  vii-tiiAl  ItngUi 
IrSO. 

ir,  wliile  suspended  at  S.  it  he  struck  iit  O,  it  will  osoillale 
around  H,  witb-iut  producing  any  pressuro  on  the  supporting 
axis  nt  S,  on  whiL-h  it  turns.  It  floating  entirely  submerged 
in  a  liquid,  .1  blow  at  O  would  cuuae  it  to  move  in  a  straight 
line,  in  the  direction  of  the  blow,  without  rotation. 

The  point  O,  in  i-jiUeil  the  centre  of  pereusgian,  or  Uie  centre 
ofoKtUation.  The  <yntre  of  oscillation  is  ulways  below  the 
centre  of  gravity. 

Pen,  Electrlf A  device  for  manifold  copying-,  in 

which  a  sheet  of  p:i[>nr  is  maile  into  a  stencil  by  miniiti)  por- 
fo rations  oblnjned  bj  a  needle  driven  by  a  small  electric  tnotor. 
The  stencil  vs  afterwards  <■  in  ployed  in  connection  with  uii  inked 
nillcr  tor  the  production  of  any  required  number  of  copies. 

Mt'chanioiil  pens  lire  constructed  on  the  same  principle,  the 
lierfu  rat  ions  beiii)^  obtained    by   mechanical   inst«ad   of  by 

PercuiMlwn,  Cvniro  of —That  point  in  a  body, 

si]Apendi>il  HO  us  to  move  an  a  [>endulum  at  which  a  blow 
would  produce  rotation,  but  no  forward  motion,  or  motion 
of  translation. 


magnetic  sloniis,  iind  sun  spot.s. 

The  )ieriodical  occurrence  of  uuroros,  or  magnetic  storms, 
l>oth  as  to  frequency  and  intensitj-,  which,  occuring  at  periods 
of  about  eleven  years  apart,  corresponds  to  the  well-know 
eleven-year  sun-spot  period. 

It  also  agrees  with  a.  variation  in  the  mag-netic  declination  of 
a  place  which,  according  to  Sabine,  occurs  once  in  every 
eleven  years. 

Permanenl  Majncl.— (See  Mngnet,  Permanent.) 


am 

Permauent  KUU«  ofCharco  of  Teloflrrapli  I'lno. 

—iSeeState,  Ptrnuinent.) 

pprmeabilltj-,  nasnetic Th«  ease  airordpil 

by  any  siibstaaiTe  to  the  paasagfe  through  it  uf  ltni\4  of  mag- 
netic force. 

Thn  magTictio  permeability  of  paranuignfUe  subHtaiices  is 
tnuoli  lra»  than  thnt  of  diamugnefii:  tiibstitacfn,  A  BtibHtatK'e 
of  grt'itt  magnelip  pfmuabUifi/haa  imiall  magnet  ie  retUta-nce, 

tor  poHMeACS  small  magrutie  reluetaniH^  to  magnetixulion.     (See 
ParamagneHc,    Diamagnetic.     Magnetic  Beliietanvc.) 


Phenonicnn,  Elcclro  (;«|illliir) (Sop  Khp- 

I   tro-CapilUirg  PhrHomvnn.) 

Phrrapt^  or  Tt-lcpholc— (See  Trlrjihote.) 

Plllul,  Lctdoii iSye  Jar.  Uydtn.) 

I   l*hil(>i><tplii*r*>  Eg|[. — (SfQ  Diachargr,  Cimi'retire.) 
I  PbonHiiloKruph.— Alt  n|>p[vratii»  for  thi  uutoiiiHtio  {iro* 
■iHilili' IrmiiLj- lit  lLi_'  vibmtioiis  |ir(idui«il  by  any 


nnMutti^TitpliK^  appuratiis   coDstets  «8«onti«Jly  of  ilifvim* 

liy  wlik'h  the  sound  wjivpb  are  caused  tii  impurt  Uieir  U'-muJ- 

>  muvt^inunlA  lu  u  dtuphnigni  at  tlie  rFntre  uf  which  a  [MincLl 

trut'liig  point  is  nttiichml.    VUe  rrf^ird  is  rvccivod  ua  n  Hlwpt 

of  ))uper,  or  w»x,  or  un  ii  sriioki'il  glasH  or  otlior  sKitsble  aur- 

low, 

Leun  Snott's  FlionMiitogi'npli,  whit^  is  unang  tb«  tonat 
IxuitkDowu,  ronsiels  of  a  tiollow  ci^ninal  vossel  A,  Pig.  S9S>  with 
a  iliaphragin  of  piuvhuieDt  BtrptcliMl  tif-litly  tik^  M  (Irum-luiMl 
its  siiiiillor  ajiorliiro  B.     A  tmi.-ini;]»>i<il-HUiu.'Iied  tn  titt 


ccnli'i'  at  the  ilintilii-agriii,  Imoiw  ^  hjiiuollh  lint!  <in  tile  mi 
flf  11  BOot-coverf.<l  dyliader  C,  thutis  iinUormly  rotatKd  iraO^' 
'tbe  triu:in^  point.  As  tlie  cylinder  ia  iMlvaii<.i>d  a  sliorl  dia- 
^mu!  witli  Dvery  rotAtion,  n  slniioiis  spiral  Iiii«  iti  Inicud  oa  the 
surface. 

I*boiilv  Wltocl.— A  whp><]  to  whiuli  in  ulUL-h«d«otrualnr 

(able  ot  contiu-'t  piiinb<,  th»t  is  nuiinlaiiiod  in  oynohraiKHU 

iMibriD4Wuor»ttiB«itMeW«r.9h«fldM|0^^^^ 
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mU^J  Ij.v 


e  [ihonif  whoel 

iulii    successful   iipernlion    in    niulli|ik'X   tf^le^nipli;!-  Iiy 

bi>laii,v  iti  hiH  Kjfiteiii  of  Sj/nrhrrmofm  Mt'lliplf.r  Tflrgrujihy. 

lSi<f   Trleyraphy,  Sgnehrnnoun,    3Inl(i]ilrj^.)    Deliiny  ()btaiii» 

tho  nxuct  synclirunisiii  of  lli.;  |ilu)nit'  wIwpI  liy  u.  serit-a  ut  i^or- 

jCting  electric  impulses,  aiitoiniitieiUly  sent  over  the  line  on 

C  fttilui-e  of  Ihe  plioiik  wheel  ul  either  enU  of  the  tine  to 

ctly  !tyni-hruni»c  with  thiil  at  the  other. 

Cl*1>anaBriiph. — An  npimrHtds  tor  Iht'    I'e  prod  nation  i>( 
icnilute  speei'h,  or  itf  HouudK  of  uny  chanu-'ler.  at  miy   in- 
!   time   after  tlieir  ocuurreiice  and  fdr  any  ntimbtir  of 

'In  Kdisou's  {ihouubl'>ll>h  t'"'  voice  of  Ihe  speuker,  received 
Oil  eluatic  diaphmgm  of  thin  Hheet  iron,  or  other  Himilur 
iti-'riol,  ix  outiHi'd  to  indt;iit  a  slie«!t  of  tin-foil  placed  on  thu 
surface  of  u  i-yliuder  C,  Fig.  299,  that  is  niiuntjilnpil  ut  a  uni- 
form rale  of  rotation  l>y  the  crank  at  W.  In  the  form  sliown, 
ttie  tuotion  it  by  hand,  In  a  later  improved  [orni  the  cylinder 
Is  driven  by  niiittnH  of  an  i-lcctrlc  motor,  or  by  clockwoi'k. 

ta  reproduce  tho  speei-h  or  other  sounils  the  phono- 
record  in  plucett  on  the  eurfuue  uf  n  cylinder  similar  to 
which  it  vium  received,  (or  is  kept  on  tiic  same  surface), 
anil  the  tracing  point,  placed  at  the  lie^nntiig  of  the  record 
Mid  being  maintained  uf^nat  it  by  gentle  prrasiire.  is  caused,  by 
Um-  rotutiuti  of  cylinder,  to  follow  the  Indentatloiis  of  the  pho- 
'iri^^n.1  m^ord.  As  Ihe  )>uint  is  thus  moved  up  and  down  tlie 
iiillHandholluwsofLlierecurdsurface.tlie  diaphragm  to  which 
il  i^  utluched  is  given  a  to-nnd-fro  motion  that  exactly  corrcs- 
|ii>nds  lo  Ihn  lo-anit-fro  motion  it  had  when  impressed 
Limliy  hy  tlie  soiindR  if  hoe  rworded  on  the  phonoprmn 
A  pfiKon  listening  at  thiu  UiuphriL>n>>  will  tlici-efi,rc 
•xact  repi'oduction  uf  the  itoiimln  ■>rigiuaUy  uttered. 
luanupr,  ttii'  voici-s  ol  rolutlvv's.  distinguished  »ittg- 
statfinmi'U  can  l"<  |ire»ervi»d  (or  future  ^'I'livnitianfi. 


Isdrii 
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of  Mr.  EiliKoii,  in  ii  direction  lit  riglit  iingli's  to  tbc  namv.  Tins 

incthoil,   would   ttppear  to  be  the    bi-st  calaulatsd    for    tlic 

more  exiu.'t  re|>roduction  ot  articulate  speech,  since  it  pennits 

<'iiinparativcly  louil   Hpeaking  or  sin^ng,  without  interfer- 

iag  Willi  the  qiiutily  of  the  reprodueed  rounds.     Since  the  re- 

>^iBtance  tit  inileDliitioii.  or  vertical  cutting,  increases  more 

rapidly  timn  the  ini:rouse  m  the  amplitaili^  af  vQ)ration(3ec 

Anplilitdi:  of  V'ibrntion)  at  the  cutting  point,  it  follows  that 

the  louder  the  sounds  recorded  by  Ihci  phonograph  or  grajiho- 

phonv,  tliL'  less  coniplule  would  be  the  quality  of  ttie  repro- 

■liiccd  sounds,  or  tlie  lesa  the  probubility  of  the  pcculiuritics 

of  tJle  speLkker's  voice  being  recognized.     In  order  to  avoid 

_  /t*'*!   tlie  apettker  in  the  phonograph  and  the  graphopluine 

L^Moln  in  nn  onlinary  conversationul  tone  only. 

HE^r  piirpOBus  of  dictation,  and  nioHt  commercial  purposes, 

^ihls is  rather  iin  oilvuntnge  than  otiierwise. 

PhonoBrapli,  Ciraphophono,  or  drumophone 
Rooord*. — BecordH  prodm.'ed  in  a  phonograph,  grapho- 
phoni',  or  gramophone,  for  Ihe  Nul)sc<jiient  reproduction  ot 
audible,  articulate  Hpi-ech. 

PhonoKcnogTRph.— An  intttrument  devised  by  De  Fellre 

lo  iniiicale  Ihi-  direction  of  a  distant  sound. 

A  Depri!/.-D'ArHunvul  giLlvanometer,aWheatstone'B bridge, 

a  microphone  of  peculiar  cuuBtruftion,  are  placed  in  the 

uit  of  a  voltaic  battery,  and  a  receiving  telephone.     The 

r  defonuinra   the   direction  of  the  distant  sound   by 

iH  of  the  sounds  lieard  under  dilferent  wuditions  in  Uie 

felephone. 

L  Pfloniairni|ili. — A  nau»'  proposed  for  an  electro-tJiermal 
'    m-ordliig  Irli'phone  deviei^d  by  Irish. 

l»h«niph«re«ccMC».— The  [wwcr  of  omitling  light,  or  bt^- 
loiiiingluminoUHby  nituple  uxposuru  to  light. 

Bodlei  Ibnl  jkiicmiss  Ihu  property  ut  phiispliorLiK'i>nce,  wbeu 
Slid  lo  a  lii-ighl  light  ndiiilri-  tlic  powiv  of   continuing 
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to  emit  light,  when  carried  iato  the  dark,'  for 
from  a  few  seconds  to  several  hours.  The  dJajnond.  baifmnaai 
calcium  sulphides,  dry  paper,  silk,  augar,  and  oompounds  of 
uranium,  are  examples  of  phosphoreaoent  aubatuioeik 

A  ])hosphore8ceat  body  generally  emita  light  of  the  ttas 
character  as  that  it  absorbed  when  exposed  to  the  i»iM«Mi^ 
light.  That  thci'e  is  an  actual  absorption,  ia  seen  firom  the 
fact  tliat  the  light  which  has  passed  through  a  fimomouA 
solution,  fails  to  produce  fluorescent  effects  in  a  similar  sola- 
tion.    A  selective  absorption  has,  therefore,  becoi  effected. 

The  effects  of  phosphorescence  appear  to  be  due  to  ^ysyw- 
tfietic  ribrationn  set  up  in  the  molecules  of  the  phoB|ilMre8- 
cont  body  hy  the  exciting  light  (See  SympatheUc  V^niiiomM.) 

In  Home  cases,  however,  that  are  not  exactly  understood, 
th(^  wavo  length  of  the  emitted  light  is  more  rapid  than  that 
of  the  exciting  light. 

Tlie  plienoraena  of  fluorescence  are  now  generally  believed 
to  be  due  to  the  pho»^i)horescence  of  the  body  during  its  ex- 
I)osure  to  the  Hght,  The  portions  traversed  by  the  light  are 
thus  temporarily  rendered  luminous.    (See  Fluorescence,) 

The  fh*e-fly,  the  glow-worm,  and  decaying  animal  or  vege- 
table matter,  exhibit  a  species  of  phosphorescence,  that  ap- 
peal's to  be  due  to  the  actual  oxidation,  or  gradual  burning 
of  a  peculiar,  speciflr,  chemical  substance. 

Phosphorescence  may  therefore  be  divided  intb  two  classes, 
viz.: 

(1)  Phi/sical  PhoHpIiorescence,  or  that  produced,  by  the 
actual  impact  of  the  light,  and, 

(3)  Chemical  Phosphorescence ^  or  that  caused  by  an  actual 
chemical  combination,  or  the  combustion  of  a  speciRo  sub- 
stam^e. 

Phosphorescent  ])aint8  for  rendering  the  position  of  a  push 
button,  electric  call,  match  safe,  or  other  similar  object  visible 
at  night,  consist  essentially  of  sulphides  of  calcium  or 
barium,  or  of  mixtures  of  the  same. 
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PhoNphorvitrvnrv,  Elrclrl« Phoaplio- 

nisi-'ence  iiaiisci]  iti  a  BuUslunce  liy  the  ]>asH:ij^  of  an  electric 
iliscbargG, 

The  phosphofusoeut  raalerial  is  placed  in  an  ejihaiistcd  glass 
tube,  aa  shown  in  Fig'.  308,  ami  subniitteil  to  the  at'tion  of  a 
Bcriea  of  diacliargLti,  aa  front  a.  RuhnikorS  coil,  or  Uoliz 
machine.  The  violet  blue  liglit  al  such  dischiu-ge  is  very 
elHcient  in  jirotlucing  phospborettceDCc,  Phosphorescence  is 
thiis  cflcclcil  by  BuhjccUng  Ihe  pliospliorcscent  nmterial  to 
th>^  iiiuleciilair  honibur<lnicnt  wiiioh  thus  occurs  in  a  high 
voi^uurn.    (Si^  Binnbardment,  Molecular.) 

Photomclcr, — .An  appnratns  for  mcoKurin;;  the  intensily 
of  tlie  light  emitted  by  iiny  luminous  souivn. 

TJiere  are  vari- 
ous methoils  for 
measiunng  Iht-  In- 

m  leusity  of  a.  beam 

Ijnt  light  pussing 

through  any  giv- 
en  space,  o  i-  e  niitt- 
ed  from  any  lum- 


th 


Ihods 
:e  embnifMl   in  i^.*M. 

le  Hue  of  till'  following  apparatus : 

(1)  Oalorimefrii-  Pholoaiflrr,  in  which  the  light  to  bi'  nioiLi- 
ahsorhed  by  tlie  fftCf  ofa  tliermo-electriu  pile  unil  tlio 
;  current  thoj-eby  produced  ia  civrefully  iiica.snri>d. 
obMTure  raiUaliim,  or  heat  will  ijso  than  produce  an 
rairrcnl,  it  ih  neceiuiary  to  Itrst  absorb  all  Ui«  heat  by 
Oio  betini  of  light  ■  - 

IMe.  or  (Vi.i«i("cn(  Photometen,,M 
I  the  light  Is  4»tiinaU-d  by  u 
HuriLtiun  produi^  on  a  filldt  of  p 
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I  utundard  li|^lit.   unit   1 


similar  i^unditionB  of  e 
light  lo  be  nieasurct]. 

The  combination  (if  pure  hyiii-ogen  and  chlorine,  or  die  dei 
composition  uI  pure  luercuroiiH  i^liloride,  have  been  eiuploj 
for  tiie  purpose  of  determining  the  intensities  of  two  ligltts  bfi 
measuring  thn  amount  of  chemical  decoinjiositiau  cfTcctcd. 

(3)  Shadow  Photometern,  in  whieh  a  shadow  producett  byl 
the  light  to  be  [neosured  is  uomparcd  with  a  shadow  prodiicodfl 
by  a  standard  candle.    (See  Candle,  Standaitl.'i 


-SS^ 


Flff-tOi. 

Rumford's  photometer.  Nhowii  in  Fig-.  304,  is   bj 
of  f  Ilia  form  of  instrument.    The  standard  candle,  shown  a 
caats  a  shadow  C",  ot  an  opaque  rod  C,  on  the  screen  at  B. 

The  light  t«  lit!  measured  L',  is  moved  away  from  the  st 
until  its  shadow  C,  on  the  ticreea  at  A,  is  judged  by  ttie  e 
be  of  thD  same  depth.    The  distance  between  the  screen  a 
the  hghts  is  then  measured  in  straight  lines.     The  relativ 
Unniliea  of  the  two  light*  are  then  proportional  lo  t 
of  fhcir  dinlaiicea.    If,  for  ocaniple,  the  candle  be  a 
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rroiii  the  screen,  utitl  the  lam|i  at4l>iachPH.  thtn  tlie intensities 
;.r.>  as  10*  :  40'  or  as  100 :  IIMK).  or  the  lump  is  a  18  candle-power 

TLiH  photometer  in  based  on  the  fuH.  that  tho  shadow  ot  each 
-.oiirce  is  illumineil  l>y  thn  lijirht  of  tlie  other  source. 

(4)  TranKlueent  Dite  FttotojiieltrH. — The  light  to  be  meas- 
ured and  a  slonilard  rtuidle  arc  placed  on  opposite  sides  of  a 
Kheet  of  pa]iei'  the  centre  of  whic)i  containH  a  grease  spot 
The  standard  candle  is  kept  at  a  Hxed  distance  from  ttie  pupcr 
ajid  the  other  light  is  moved  towards  or  from  the  paper 
imtil  both  sides  iit  the  paper  ai-e  judged  t«  be  tonally  illii" 
niined. 

In  Bunsen'a  ]iliotomGt«r  a  vertical  sheet  of  paper  with  a 
i^rensc  spot  ut  ilH  centre,  is  expoaeil  to  the  illumination  of  n 
sitiiidard  candle  on  one  tiide,  and  the  tight  to  be  measured  on 

The  sheet  of  pagier  is  placed  inside  a  dark  box  provided 
Willi  two  plane  niiri'ors  placed  ut  such  an  angle  to  the  paper 
thiit  an  observer  con  readily  see  both  sides  of  the  paper  at  the 

This  box  can  1«  slid  along  a  grailuated,  hoiizontal  scaln, 
towards,  or  from,  the  light  In  bo  measured,  and  carries  with  it 
I  he  staudnnl  eAndb-  mounted  on  it  at  a  constant  ilistftuce  of  10 
iMi-'hes.  If  tlie  box  is  too  near  the  light  to  be  measured,  the 
L.-E<'ajie  s[)nt  appeals  brighter  on  the  side  of  tiie  sheet  of  paper 
["■arest  Die  candle.  It  loo  near  the  candle,  it  appejirs  brighter 
<>ti  the  stile  uf  the  Hiieet  of  paper  nearest  tliH  light  Xo  tie 
measured.  Tlie  position  in  wliich  Ihv  spot  ap}>eiint  equally 
bright  on  botli  eiden,  is  tlie  position  in  which  it  is  equally 
illumined,  anil  tlie  relative  intensitSiw  ut  the  two  lights  are  then 
■  liin-tlynii  the  sijitiLres  of  their  ilisUiiicus   from  the  sheet  of 

Sliiulow.  and  Iran-ilucent  dine,  photumeti'm  being  dejiendent 
on  equjtl  il  luminal  ion.  arr  rdiubk  only  when  the  color  of  th« 
"ditB  coni|Hired  iH  ily.  nam.'.     For  llic  Ji-liTiiiinnlion  of  tha 
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liliolonit-tric  intensify  of  very  bright  lights,  tlie  stBDdt 
CJiDdle  is  replaced  by  a  care«l  lamp,  a  stunditrd  gutjrt,  or 
the  light  emitted  by  a  given  mass  of  platinum,  heated  b] 
given  current  ot  electricity.  (See  Carcel  Lamp.  Car 
Standard  Oas  Jet.    Platinum  Standard  Light.) 

Preece's  photometer  belongs  to  the  closn  of  translucx 
disc  photometers.  A  tiny  incandescent  lamp  is  placed  in 
box,  the  top  of  which  has  a  white  paper  screen  on  whidi 
a  grease  spot  The  box  is  placed  in  the  street  where  the  I 
tensity  of  illumination  is  to  be  meBSiired,  and  the  fntensity 
the  light  of  the  incandescent  lamp  is  varied  iinlll  thegrei 
spot  disappears.  The  current  of  electricity  then  pami 
through  the  incnndescent  lamp  acts  as  the  measure  of  t 
illumination. 

In  the  case  of  the  shadow  photometer,  or  ot  Bunsen'e  phol 
meter,  if  the  intensity  of  illmnination  is  the  same,  the  relaU 
intensities  of  the  twolightsmaybe  determined  as  follows: 

Calling  I,  and  i,  respectively  the  relative  intensities  of  t 
standard  light,  and  the  light  to  be  measm-ed,  and  D,  and 
their  respective  distances  from  the  screen,  then 
I  :  i  :  ;  D'  :  d',  or  I  x  il>  =  t  x  D»; 


Uiatii 


■•-(f) 


Or,  the  intensity  of  the  light  to  be  meosured  is  {~)  tin 
the  intensity  of  the  standard  light. 

If  for  example  D,  and  it,  represent  10  and  100  inches,  resp 
tively,  the  intensity  of  i  is  100  tiiues  the  intensity  I,  i 
standard  light. 

(5)  Dispersion  Photometers. — A  class  of  photometers 
which,  in  order  to  more  readily  compare  or  measure  a  v< 
bright  or  intense  light,  like  that  of  an  aro  lamp,  the  intens 
of  the  light  is  decreased  liy  disjiersion  by  a  readily  measuraJ 
amount. 

AyrtoH  &  Pcrrifit  Dinpermon  Phiilonieler.—A  photont«l 
in  which,  ill  order  to  bring  an  intensBly    bright   light. 
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n  electric  aru  lig^hl,  to  such  an  intensity  fts  will  permit  it  to 
i  riKidity  compared   with   a,  standard   candle,  its  intensity 
l.fe   wealfened  by  its  pusso)^*   tliroug'Ii   a,   diverging  (uoncave) 
lens. 

Ayrton  &  Perry's  dispersion  pliotoiiietei'  is  shown  in  two 
different  positions.  Figs.  305  and  300.  Tlie  apparatus  in 
supported  on  a  tripod  stand  E,  ari'anged  so  as  to  obtain 
exact  levelling.  A  plane  mirror  H,  movable  around  a  pin 
placed  dir«H.1y  under  its  centre,  can  be  rotated  and  thus  reflect 
the  light  after  its  passage  through  tiie  diverging  lens,  while 
still  maintaining  its  dislunce  from  the  electric  ligliL 


'  The  horiaontal  axis  of  this  min'or  is  inclined  45*  to  its 

^fleeting  surface  in  order  to  avoid  a n-ors  arising  from  varying 

irption  at  different  angles  of  rellectioD. 

hi!  inclination  of  the  beam  to  the  liorizonta!  is  indicated  by 

IS  of  an  index  attached  to  the  mirror  and  moving  over 

the  graduated  circle  O. 

A  b1iu:k  rod  A,  casts  its  sliudow  on  a  si^reen  of  whit«  blot- 

Ing  paper  B.     A  stundard   candle,  pluced  in  tlie  liolder  D, 
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caHtu  it)(  Bluulow  alongside  the  ahadow  cast  by  the  electric 
light  The  kns  is  now  displaced  until  the  shadow  of  the 
electric  light  is  o(  the  same  intensity  na  that  of  the  candle, 
wlien  viewed  successively  through  sheets  of  red  and  green 
glass. 

A  graduated  scale  serves  to  mark  the  distance  of  the  candle 
and  ot  the  lens  from  the  screen,  from  which  data  tlie  int(«iity 
of  the  electric  light  nmy  be  calculated. 


Ftg.lOS. 

(6)  Saeniuiit  PJiodwiip/crs.— Insti'imu-iils  in  wliich  tlie  rela- 
tive intensiticN  of  two  liglilK  iiri>  dctcriiiiaeil  by  the  ctTecIs  jii-o- 
diiced  on  aselcniiini  rcni stance. 

In  Sipiiicns'  sHcniuni  {ihotomctcr  :i  selenium  cell  is  em- 
ployed ill  cimiiocliDii  with  itii  «lt'cl.ric  oin.'uit  for  determining 
thfi  intensity  of  liglil. 

The  tube  A  II,  t'ig.  30T,  :h  riimishcd  at  A  with  a  dia- 
phr.igm.  itnd  ;it  li  with  iLKeicniiiiii  pliUe,  connedctl  by  wires, 
O  (J.  with  the  circuit  of  u  battery  iind  u  galvanometer. 

A  gi'aduuted  scale  L  H,  bears  the  Rt4uidard  cMidle   N. 
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tiib<!  A  B  IK  I'iipable  of  rotaliun  ou  tlio  via'tiLut  uxis  K 
L  A  reHiH'tiag  luiiTur-guIvaaometer  in  iiaeil  in  mnnectiuii  willi 
I  Uie  selenjuni  pliotometer.  The  light  to  be  iiieasureil  in 
[  |)1iKed  ut  ri^Iit  hd^Ips  to  the  bciUe>  L  M,  and  tho  tube  A  B 
I  directed  towonla  it,  nnd  the  giilvanami-lcf  deflection  cum- 
I  pared  with  the  deflei'tion  obtained  when  turnnd  lawiuiia  the 
I  standard  I'andle. 

(7)  Qaa-Jet  Photamfterg. — Inslrumt-nta  in  whidi  the  candle 
r  Jpower  ot  a  gaa  jet  ia  det^i'mineil  by  iiieasiirini^  tlie  heiglit  at 

which  the  jet  biiL-ns  tvlion  under   unit  condiliunK  ot  volume 

»nd  pressure. 


In  determininj,"  llif  eandio  [MiHtn-  of  an  intense  ligiit  like 
I  the  «>l(n.'triu  ai't'  lit;bl,  ii  lui-ge  giu  light  in  luiid  ialJ^ieiul  vt  a 
■iStuidiLrd  candle,  »nil  the  photometric  ]Miwcr  itl  this  gun  lighl 
Wis  carefully  determined  by  con)i>ariit<>n  witli  a  gntt-jet  pho- 
I  tomet^r.     (Sen  Caivel,  Standard,  Gag  J  Ft.) 

Pbotopbonc. — An  inslrunient  invented  by  Bell  tor  the 
I  tekpbonic  ti'unsmiBHion  of  Hrt)i-ii1at«  fpooch  along  a  ray  o( 
L  light  fnirteail  of  along  a  mniluutiug  wire. 

A  bciun  ot  light,  rcfleiTted  from  a  diaplirdgiu  uguia'tt  which 
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the  8pcukci**s  voice  is  directed,  is  caused  to  fall  on  a  S^emiwm 
remsUtnee  inserted  in  the  circuit  of  a  voltaic  battery^  and  a 
telephone.  The  changes  thus  effected  in  the  resirtanoe  of 
the  circuit  l)y  the  varying  amounts  of  light  reflected  on 
the  selenium  from  the  moving  diaphragm,  produce  in  the 
receiving  telephone,  a  Herit^  of  to-and-fro  movements,  similar 
to  those  impressed  on  the  transmitting  diaphragm.  One 
listening  at  the  telephone  can  hear  whatever  has  been  spokim 
at  the  transmitting  diaphragm.  Telephonic  communication 
can  therefore  by  such  means  be  carried  on  along  a  ray  or 
beam  of  light,  theoretically  through  any  distance.  (See  Selen^ 
ium,  Resistance.) 

A  block  of  vulcanite  and  many  other  substances  may  be 
used  as  the  receiver,  since  it  has  been  discovered  that  a  rapid 
succession  of  flashes  of  light  produces  an  audible  sound  in 
small  masses  of  these  substances.  The  term  Sonorescence  has 
been  proposed  for  such  a  property.    (See  Sonorescence, ) 

Ph^tophore,  Trouv^'s An  apparatus  in 

which  tlie  light  of  a  small  incandescent  electric  lamp  is  em- 
ployed for  purposes  of  medical  exploration. 

A  small  incandescent  lamp  is  placed  in  a  tube  containing  a 
concave  mirror  and  a  converging  lens. 

Pllototel€^graplly,  or  Telephotography. — The  elec- 
tric production  of  pictures,  wnting,  (charts,  or  diagrams  at  a 
distance.    (See  Telephotography.) 

Photo- Voltaic*  EflTeet.— The  change  in  the  resistance  of 
selenium  or  other  substances  effected  by  their  exposiure  to 
light.    (See  Selenium  Cell.) 

PhyNloioiy,  Eleetro —(Sec  Electro-Phyti^ 

ology.) 

Piano,  Eleetrie A  piano  in  which  the  strings 

are  struck  by  hammers  actuated  by  means  of  electro-mafip* 
nets,  instead  of  by  the  usual  mechanical  action  of  levers. 


Bli!<otnc' ]iiikMi>-M:liiin  IN  iiiikiiily  useful  In  |ieriiiittili);  llie  ili- 
it>nt  to  b«  playeil  nt  aay  iliNtancc  from  the  jierfornier. 
It  Is  also  of  vftluu  troni  tbo  case  it  affords  in  reotirdiDg  the 
pi  we  playod. 

It  fails,  liowevoi",  to  properly  preserve  the  various  iiiodulii- 
tions  of  force  bo  requisite  for  britlliiDt  instrumentation. 

Ptckle. — An  add  Rohition  in  which  metallic  objecU  are 
dippod  liofore  being  gnJvanized,  or  electroplated,  in  order  to 
Uioroughly  cleanse  their  surfru^s. 

The  pickle  used  for  the  preparation  of  iron  for  galvaniza- 
tioD  is  a  weak  sohitJoa  of  sulphuric  acid  in  water.  Vari- 
ous acidH,  or  acid  liquids,  are  employed  (or  tliat  thorough 
cleansing  of  metallic  surfaces  so  necessaiy  tn  order  to  ensure 
an  even,  uniform,  adherent  coating  of  metal  by  the  process 
of  electro-plating.     {See  Electro-Plating.) 

Pile,  Dry A  voltaic  battery,  consisting  of 

numerous  voltuio  t-ouples  formed  of  discs  of  paper  covered  on 
one  side  with  zinc-foil,  and  on  Uie  otiier  with  black  oxide  of 
manganese.    (See  Dry  Pile.) 

Pile,    nallenecrs    Bluseular  ^8ee  Miimmlar 

Pile,  MatteuecCa.) 

Pile,   Thermo-Elevlrlv A  battery   conaisting 

of  a  number  of  Iherutii-fkclric  couples  connected  ao  as  to 
form  a  single  elocti'ie  source.     (See  Thcrmo-Electric  Battery.) 

Pile,    Voitale A    battery    consisting   of    a 

number  of  voltaic  couples  connected  so  us  to  form  a  single 
electric  soun». 

A  form  similar  to  Volla's  original  pile,  oonsiBting  of  alternate 
discs  of  copper  and  zinc,  separated  from  each  othin"  by  discs  of 
wet  clot  b,  and  piled  oiu>n»nn»t1ii  r,  no  its  to  form  a  ntiml>er  of 
Beporuto  vollait!  ri)ii|iles  tonnwctvtl  in  Brricii,  Ih  hIiowu  in 
Fig.   WI8.     Tim   thick   plutca  markrd   Zn,  ua  »'  '''- 

copper   plates,    mnrkod    Ca  ttr«  much 
L'lulti  aiM!  ftbuwn  ut  W 


pile,  would  Uien  be  temiiimtrol  h,v  n  plal^  of  ooppt^r.  anil  (be 
other  by  a  pUte  or  zinc.  Thi"  i.-vi>|)tT  vnd  forniH  the  poHtitm 
fifctroitf.  aiiJ  tliij  aim-  eiul  llie  nfjafitv electmdr.  (See  fWf, 
Vollativ,  Polarily  n/  JClretnidr«.) 

I*llli.-A  lighl.  oellulur  n 
tpritil  lurmins'  the  r«>Dlntl  por- 
tions lit  tiMKst  exogt-ntiuh  pUatt. 
Aiiiixi-i'lli'nt  pith,  suitAliIiF  fur 
elefl  rical  purposes,  is  furnbhed 
by  tlie  ilrieil  wood  of  lite  ntila^ 

Ptlb^Bnll  GIi*ctr(MC«p«'. 

— An  elcctmacopc  wliich  sliuvn 
the  pri^siMioe  of  u  chu^  by 
the  r^ultiion  of  two  similAriy 
ohnrgeil  pith  bolU.  (S4M  Slfe- 
troacojii!.) 

Any  two  pith  biUla,  suspendi>d 
by  condurling  threads,  but  U 
sutiit«d  from  thiT  «uKIi,  will 
serve  oa  an  ^vctrvscape. 
PIU  Ball*.— Two  b«Ua  of 
r  pith,  suspended  by  conducting 
threads  of  collou  to  insiilaled 
c«u<ltic'tt>rs,  and  eiDployoil  t 
show  tbo  flef^trillcation  o(  UlB 
same.by  tlmirinutuitl  repuUkiii. 
Tl><:  pith  bikllH  coiinecUvd  wtth 
the  insulti(«d  cylinder  A  B| 
Fig.  809,  not  only  show  thfi  cledj^Uciition  of  Ihi."  rylindw.  hul 
R^rvs  alxo  to  rauf^lily  indiuute  tha  pi.>ciiliAritipH  of  distrlbnUoo ' 
of  the  c1iarg«  thereon. 

Pivol  Suipeu«loD---Tbe  suspeoslon  of  a  ncndin  or  mmg- 
net,  by  iL  pivol,  as  ilistinguished  from  suspension  by  » tl 
(Sue  Sutpviiaion.  Mtllii/da  «/.} 


ng.aos. 


W<»I>S,T 


4TS 


PlattlN.    EleelrU'llj    of — Electriiily    [iioduted 

mrinrally  by  plaats  during  llunr  vit^roua  growtli. 

DuBotH-Reymond  and  others,  Luvg  slinwn  that  pliinta  while 
in  a  vigorous  vital  slate,  are  active  sources  of  electricity.  If 
oneaf  tJie  temiinalxof  agalvanotneter  be  inserted  into  utriiit 
near  its  stem,  and  tlic  othei*  terminal  into  the  opposite  piu-t  ot 
the  frtiit,  the  gulvanoineter  ut  on<-«  shows  the  prcsenpc  of  nn 
electric  cttrrent. 

Buff  ha«  shown  thnt  the  roots  and  interior  portions  of  plants 
ore  ulways  negatirely  clkai^^,  wliile  the  flowers,  fniits  and 
groea  twigH  arc  positively  charged. 

Plant  tissue  or  llbre,  like  the  muscular  flbre  of  animals, 
exhibits  in  many  rases  a  true  contraction  on  the  passage 
through  it  of  hh  electric  current.  This  is  seen  in  the  miTiumn 
»enintiva.  or  sensitive  fern;  in  the  Venus'  Hy  trap;  and  in 
Mvrrat  other  species  of  plants. 


Pluli'  t'oiidrnacr. — (See  Ctmiienaer  or  Arcinnulntor.) 
PluiliiK    UhIIi,    EUx-iro (Sec  Bath,  Electro- 

I  PUiting.) 

nminR.  Electro The  depositini;  of  .i  \i\iMag 

■  9r  coaling  o(  onr  nH-tol  on  Ihf  siirfnci'  of  anothc>r  mi'tnl,  or  "U. 
ftkoy  conducting  Burftuw,  hy   tlie  action  of   ol«;trii:ity. — '• 
£ltctrt*-Plating.) 

Plntlnold.— An  alloy  coniUting  ot   ( 
ir  two  jR-r  cent,  ot  itit-tullJc  tiiu^teii. 
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Tins  alloy  is  suitable  for  uae  in  retuianee  eaO»  on 
of  tlio  comparatively  small  influence  prodaoed  cm  its  deoWc 
resistance  by  cbanges  of  temperature.   (See  OoiU,  JBgififawqffc 

Its  resistance  is  60  fier  cent,  hi^er  than  that  of  Ganan 

silver. 

Platinum.— A  refractory  and  not  readily  oxidisable  metal 

of  a  tin  white  color. 

The  coo(n<4cnt  of  expansion  of  platinum  by  heat  is  neaily 
that  of  oi-dinary  glass.  Platinum  is,  therefore,  much  emfdoyed 
for  the  loading-in  conductors  of  an  incandescent  lamp. 

Platinum  Black.— Finely  divided  platinum  that  poi- 
sessesy  in  a  marked  degree,  the  power  of  absorbing  or  oodad- 

ing  gases. 

Platiniiiu  black  is  obtained  by  the  action  of  potassium  hy- 
dnite  on  platinum  chloride.  Unlike  metallic  platinum  it  is  of 
a  black  color. 

Platlnum-lf^llver  Alloy.— An  alloy  used  for  resistance 
coils,  consisting  of  one  part  of  platinum  and  two  parts  of  silver. 

Platinum  Standard  lilght.— The  light  emitted  by  a 
surface  of  platinum,  one  s(piare  centimetre  in  area,  at  its  tem- 
perature of  fusion. 

Ploi«r. — The  sliding  contacts  connected  to  the  motor  of  an 

(»lectric  street  car,  and  placed  within  the  slotted  underground 
conduit,  and  provided  for  the  purpose  of  taking  off  the 
current  from  the  electric  mains  placed  therein,  as  the 
contacts  are  pushed  forwards  over  them  by  the  motion  of 
the  car. 

Similar  contacts,  placed  in  the  rear  of  the  motor  car  and 
drawn  after  the  train,  form  what  is  technically  known  as  the 
sledf  or  when  rolling  on  overhead  wires  as  trolleys,  (See  Mail- 
ways,  Electric,) 

Plour,  Electric A  plow  driven  by  an  electric 

motor  placed  either  on  a  wagon  to  which  the  plow  is  attached^ 


•  ir  Ij.v  II  HliiliiiitiLi'v  nlocti'o  uiolor.  Iiy  tliu  iiiil  oC  corils  iic  olln.'r 
H'-xible  bells. 

Ooe  of  the  Hrst  pmctiL'al  apiilicotions  at  the  electric  trans- 
iiiiBsion  of  energy  was  for  the  operation  of  a  plow,  driven 
i-lpflriciiHy.  by  an  ulei-tric  ciirrenl  ^nerated  at  sunie  distance, 
»nd  ti'aiisiiiitl<;cl  to  the  Held  by  suitubln  condiictora. 
Pliickor  Tubo*.— (See  Titben,  Pl&cker,) 

Pliiir,  Inflnll)' (See  Infinity  Plug.) 

PlmnbHgo.— An  allotropic  inodiflcution  ol  earboD. 
Fhiniba^o,  the  miiteriul  commonly  known  ua  black  Ifod,  is 
the  same  ns  graphite.    Powdered  plumbago  is  employed  in 
elect  rotj/piny  prorfnnfg  for  renderia]^  noD-conductiog  Burfacea 
electrically  conducting.   For  this  purpose  powdci'ed  plumbago 
is  dunted  on  the  surfaces  wliicli  thus  acquire  the  power  of  re- 
reiving  a  metallic   lustre'  by   friction.      Stove    polishes  are 
formed  of  mixtures  of  plumbago  und  other  cheaper  materials. 
(See  Graphite.) 
Strictly  speaking  the  term  graphite  in  properly  applied  to 
>  iwch  varieties  ot  plumbngo  as  are  siiitablt!  for  direct  use  for 
nrriting  purposea  us  iu  lead  peui'ils. 
K   Vtnt^eBattvry.— {See  Batter}/,  Plunge.) 

Pneumatic  Pcrfbralor.— (Sei>  PerJiir<itor,  Pneumatic.) 

Pneumatic   HignaU,    El««-ir» —(See 

Signalit,  EUctrtt-Pneumatie.) 

I^PwagendorlT'*  Voltaic  C«li.— (S<^e  Celt,  Voltaic.) 

■olnlB,  Electric  Action  ttf The  effect  of  jioinl^ 

an  iiisuIuUmI,  charged  conductor,'  is  to  slowly  dia- 
nrge  the  conductor  by  r?ccfri'i:eoTii'cc(i'o7i.     (See  Caavcctum, 
iMtric.) 
t  TlieuuiBtiof  tUisuL'tion  is  the  inct«itsed  density  «f  A  ci* 
'kthc  surface,  of  a  <»indu('tur  in  the  neighbor  hood  of -f* 
]K,  lH*trihutuyn  nf.) 
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PolniH   or   RhiimbH,  of  Cumpam.— Tlio  Uiir 

jtoints  into  which  a  compaas  card  b  divided. 
Sixtfiea  of  these  points  arc  shown  in  Fig'.  310.     The  puattii 


«by. 


inspcct.io 


I 


i  readily 
flgui-es. 
These  puinU  are  us  lollows  : 
1.  North. 
a.  N.  by  K 

3.  N.  N.  K 

4.  N.  E.  by  N. 

5.  N.  E. 

6.  N.  E.  by  E. 

7.  E.  N.  E. 

8.  E.  by  N. 
».  Ecut. 

10.  K  by  a. 

11.  E.  S.  E. 

13.  S.  E.  by  E. 
la.  a  E. 

14.  a.  E.  by  S. 
l.-i.  8,  8.  E. 
16.  S.  by  E 

Boxing  the  Comjt<i»a,  consists  ii 
secutively  from  any  one  of  them. 

Tlie  direction  In  which  the  ship  is  soiliog  is  determined  by 
menus  of  a  point  llxed  on  the  inside  of  the  compass  boi^ 
diiHiCtly  in  the  line  of  the  veHael'a  bow, 

Polnti  on  Lightning  Rod.— Points  of  inoiddizable 
mateiint,  plntred  on  lightning  rodn.  to  eftect  the  quiet  dischuge 
of  a  climd  by  convection  streamx.  (See  Lightning  J~ 
Convtction,  Electric.) 

Polarity,  Dlamaguetlc ~  — A  ])olaj-ity,  Ui«  v 

verse  of  ordinary  ningnelic  polarity,  assumed  by  Faradur  t 
explain  the  phenonu-na  of  diamagnotj.sin.     {Si;b  Diavutgm' 


17.  South.. 
IS.  8.  by  W. 
1ft.  S.  S.  W. 
20.  S.  W.  by  a. 
ai.  8.  W. 
22.  S.  W.  W. 
2.1.  W.  S.  W. 

24.  W.  by  a. 

25.  H'Mf. 
36.  W.  by  N. 
27.  W   N.  W. 
38.  N.  W.  by  W. 

29.  N.  W. 

30.  N.  W.  by  N. 

31.  N.  N.  W. 

32.  N.  by  W. 

n  naming  all  these  points  o 
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I  KaPuilayiu«ume(llluUilianiagrietiRfiubstanc(w,  wlicnhroughl 

i  mognetio  Hdil,  aut'h,  for  example,  as  north,  acquired 

Mrth  magn«tiiint  in  those  pftrtn  that  were  nearest  the  nortli 

k  pole,  inat«ad  of  south  mitgnetima  as  with  ordiDarc  magnetic 

nces.     The  north  pole  thus  olitaiiieil.  would,  he  thought, 

n  the  apparent  repul-  <.  ^ 

n  of  a  slender  rod  of  any 

ma^etic  mitterial.  d^ti- 

"y  suNpendeil  in  a  sti-ong 

nutgnetic  field,  and  cause  it  ^^t^^ 
to  point  equalorially,  or  with 
the  lines  of  force  pnssing' 
Diroug'h  its  leadt  dimen- 
sions This  ttupposition  wits 
siibseqiiontly  atnuidoneil  by 
Fiinid  u  It  has  recently 
Im.u  I'viic'd  by  Tyndall. 
iSet!  Diamagnetic.) 
Polarity,  na^netlc 

The  polarity  acquired  by  it  mugnetiaible  substance 

when  brought  into  a  magnetie  Held. 

The  dircL'tion  of  magnetic  ^Kiliirity,  acquired  by  n  substRnci^ 
wht'U  brought  into  a  magnetic  field,  depends  on  th>!  direction  in 
whii'li  the  lintK  of  magnetii:  funM  pass  Uiruugh  it.  Where 
thesn  Unrs  rutcr  the  subittance  a  south  puie  is  produced,  anil 
wherii  they  pass  out,  a  north  pole  is  produced.  The  axin  n/ 
magnrfizatUm  IU»  tn  (A^  direction  of  tht  h'nfn  of  force  a»  thfj/ 
a  thrminh  Ih*  budg,  nnd  llie  inlrnsilgof  mti^etiialion, 
4tpfa<i»  on  the  riuniher  of  Itu'w  lines  of  forcp. 
K  The  riiiiae  iif  iiitmnelk-  juAitrilg  is  not  definitely  known. 
tuglHvi'n  hyiM'lhesis  ultHlxili-K  it  li>  ii  property  inhcn-ut  in  uli 
VtiiP''ti'  ittlriliiiti<H  it  Ui  closfd  doctrin  ein'iiits  in 
i  ullimiili'  piki-t  ii'iiw.  WhutuVL'r  its  cauiii>,  it  ia  invariably 
by  II  imiKni-tii'  IIpIiI,  Ihn  linos  of  form.'  o 


v>\  I. 


11  th<-  direr 
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Polurtzatfon  of  Dielectric— A  moleculur  strain  pro- 
duced io  the  dielectiic  ol  a  Leyden  jar,  by  the  [ittraction  of 
eIectTic[ties  on  its  opposite  lacea,  or  by  el<>ctrustati<;  8tn 
(See  Dielectric  Strain.) 

The  polarization  of  the  glass  of  a  Leyden  jar,  and  the 
coinpanying  Btruin,  are  seen  by  the  frequent  pierda^  of  ' 
glass,  and  by  the  residual  eharge  ot  the  jar.  (See  Char 
Jieieidtial.) 

PalarizBllon  of  Electrolfte.— The  formation  of  mt 
pular  groups  or  chains,  in  whidi  the  poles  of  all  the 
of  any  chain  are  turned  in  the  same  direction,  \'iz.,  with  t)H 
positive  poles  facing  the  negative  plate,  and  their  aegaik 
polen  lacing  the  positive  plate.  (Sec  Ceil,  Voltaic.  OrothOi 
Rppotkegiti.) 

Pnlarlxallon  ofWerven. — (Sea  Electrotontu.) 

Polarlzallon  of  Tollalc  Cell.— The  collection  of 
gaH,  general)}'  hydrogen,  on  the  surface  of  the  negative  e] 
luent  of  ft  voltaii!  cell. 

The  collection  of  a  positive  substance  like  hydrogen  on  tl 
negative  element  or  plate  of  a  voltaic  cell,  sets  up  a 
eleetrtmiotive  force,  which  tends  to  produce  a  current  in  t] 
opposite  direction  to  that  produced  by  the  cell,  and  thua: 
decrease  the  normal  current  of  the  c^ll.  (Bee  Counter  Ell 
tromotive  Force.) 

The  causes  of  the  deci-eoae  of  the  normal  current  of  a  vt 
laic  cell  by  Its  polarization,  are  as  follows  : 

(1)  The  Itioreased  BengtaHce  of  fAece^t  owing  to  the  bnbU 
of  gas,  which  form  part  of  thecircuit, 

(2)  The  Counter  Electromotive  force,  pi-oiluced  by  the  111 
of  gn8  oil  tlie  negative  plate. 

Tliere  are  three  ways  in  which  thn  ill  ctfi>i:t.s  of  this  polari 
ation  can  be  avoided.     Thorns  are  : 

(1)  Mpchanical. — The  negative  pla(«  is  furnished  with 
roughened  surface  whii^h  onalilcs  tlie  bubblr's  iif  gas  to  eatm 


n  the  {Mints  on  such  surfniN* ;  or,  a  Htreuni  at  giui,  or  air, 
t  blown  through  the  )ii)uid  against  tlie  plaU  In  bru^h  the 
jubhles  Dir. 

I  (3)  Chfmical. — The  aurtace  of  the  negative  plate  is  nur- 
puud<e4  bj  some  powerriil  oxydizing  substance,  such  as 
nic  or  nitric  acid,  which  in  capable  of  oxidizinf;  the  hy- 
■n,  and  thus  thoroughly  removing  it  trom  the  plate.  The 
xidizing  substance  may  (orm  the  entire  elpctrolyle,  as  is  the 
c  of  the  bichromate  solution  employed  in  (he  Kinc-cart>on 
>uplc.  Oenerally,  however,  it  has  been  found  preferable  to 
mploy  a  separate  liquid,  like  nitric  acid  to  completely  sur- 
BDiind  the  negative  plate,  and  another  liquid  (or  the  positive 
fdnte,  tlie  two  liquids  being  generally  kept  from  mixing  by  a. 
porous  cell,  or  diaphragm.  Such  cells  are  called  dnubtejlnid 
era*.     {See  Cell,  Voltaic,  Double  FliM.) 

(8)  Eketro  Chemical— T\i\9  also  necessitates  a  double  fluid 
nell.  The  negative  element  is  immersed  in  a  solution  of  a 
salt  of  the  Dame  metal  as  thu  negative  plate.  Thus,  a.  copper 
plate,  immersed  in  a  solution  of  copper  sulphate,  cannot 
Ih>  polarized  since  metallic  copper  is  deposited  on  its  sur- 
\tuse  by  the  action  of  the  hj-drogen  which  tends  to  be  liberated 
there.  The  constancy  of  action  of  a  Daniell  lell  depends  on 
a.  deposition  of  iiielallic  copper  on  its  copper  plate  oa 
well  us  on  the  (ormation  of  hydrogen  sulphate,  and  the 
solution  of  additional  copper  sulphate.  (Sec  Cfll,  ViAtaic, 
Dnnieir*.) 

PolMrlzed  Armnlure. — (Sae  Armnlnrc,  Polarized.) 

FAlnrU.etl  Relay. — (See  Retaji,  Polarized.) 

Pal«,  AlMlIuROUK That  pole  of  a  pyro-elcctric 

^butitnce,  like  touriL^aline,  which  acquires  a  negative  elertritl- 
ion  wli«i  tile  teiiiporaturu  in  rising,  and  a  poaitivn  nlectrifl- 
D  when  it  is  falling.    (fl«e  Pjfro- Kleetrieit]!.) 
r  Piilc  ChHii|[«!r.— A  switcli  or  Vvy  for  lihaiiging  oi 


4Hf)  A  Mcnovi 

ini;  tlio  direction  oi  current 
Hiii'li  iM  a  battery. 

Tli«*  rttmmutator  of  a  RrnhmUeor^  eoO  m  a  nB|iie  fmm^ 
\nAv  chan^r.     (See  iiidiicf  iicMi  CoiZt.) 

Pole  Pleccs.*Piec«s  of  soft  iroa  placed  at  the  eaAiiC 
tli(>  |K)l(w  of  tf^lectro  magnets  for  the  purpose  of  coocentriliif 
and  <lirc<rting  thnr  magnetic  fields. 

Pole  Pieee«  of  W^jmmamm^ — Miiwrw  of  iron  couMctri 
with  11i<>  )K>lefi  of  the  field  magnet  frameB  of  dynaroo-dcctrie 
iiiiicliirioM,  and  Hhaped  to  conform  to  the  outline  of  contov 

<ir  thi*  iinniiturf^. 

Tho  |Kil«*  piocoH  are  made  in  a  variety  of  forms,  but  in  lO 
cjisi'M  an*  so  nhapod  as  to  conform  to  the  outline  of  the  sfwx 

ill  wliicli  till* urn liil lire  rotates. 

Tlit'v  jin*  l)nni;,^lit  Jis  nesir  as  jiossiblo  to  the  armature  so  as 
!t»  iiK-nsisc  1Ih»  intensity  of  tli».»  magiietic  iniiiiotion.  The  in- 
t«TVfiiiiii:  air  sp:ir(>  should  b*;  !ls  tliin  as  pa*«4ible,  but  of  as 
I:irj7«'  iiii  jin-ji  as  «<niv«*niftnt. 

Tli«'  <»ppoHit«*  polo  picvos  should  not  have  th«?ir  extensions 
lirun^^lit  ton  iH'ar  to^flhor,  as  this  will  permit  of  serious  ]<x« 
throiurii  nidifnt'tir  h-dktujv.  The  distiini'e  between  them 
sliiHild  Ix*  .IS  inanyliiiK.'s  tho  dopth  of  the  armature  windings 
lis  pnssili|i>.     (S«M*  Mdijfietir  linkage.) 

Uoiiiidi'd  «'(l;^«»s  an*  proforahlo  to  sharp  e<1ges  for  the  same 
n'ji'ion. 

l*oii'N,  i;oiitcqiient  of  IHagnet. — (See  Con- 

r.iifinnt  Maguvt  F'oieH.) 

l*i»ii*M,  TiilMe ^Soc  FalHc  Poh'K.) 

l*i»ii'M  i»f'  IVIiigiietir  liitonNity.— Tho  earth's  mag-nctic 
pnlfs  as  (i<*t(M'inin(Mi  l>y  ni»»ans  of  tho  no«»dlo  of  oscillation. 

Tin*  points  of  tln»  cartlTs  ^rcatost  ina^notir  intensity.  (See 
Jticlifidtiofi  (^hm't.) 

INileM  of  ¥ert felly,  IVIaffiictie.— The  earth's  mag^ietic 
|K>h»H  as  dni(»rniine<i  hy  moans  of  the  dipping  needle. 


e  the  angle  of  dip  i: 


(See 


n  uprights  oi 


t  each  end  of  the  line, 
f  nearly  90°,  is  gener- 


Tlic  points  at  the  north  u 
Inelinatiim  Chart.) 

PolOi,  Tele|[r»phlc Wooden  oi 

ivhii'li  tf  Ifgrapliic  or  other  wires  are  hung. 

WoodoQ  poles  are  generally  round, 

Tlie  terminal  pole,  or  the  last  pole  i 
or  where  the  wires  bend  at  an  angle  i 
ally  cut  sciuare. 

The  holes  Tor  the  jioles  must  be  dug  ia  the  true  line  of  the 
wires,  and  not  at  an  angle  to  HU(.'h  line.  As  little  ground 
should  be  disturbed  in  the  digging  as  possible.  Earth  borerx, 
'ir  mndillcations  of  tlie  ordinary  ship  auger,  are  generally 
employed  for  this  purpose.  When  the  pole  is  placed  in  posi- 
tion the  ground  should  be  rujnined,  or  punned  around  the 

III  atttinff  the  pole,  it  Is  generally  set  at  least  Hvo  feet  In 
the  ground.  In  England  tiie  poles  are  planted  to  a  deptik  of 
about  oDe-flfth  of  their  lengtli.  In  embankments  and  loose 
ground,  they  are  planted  deeper  thaii  in  moresolid earth.  On 
curves,  th«  poles  should  be  inclined  a  little  so  as  to  lean  bacic 
against  the  lateral  strain  of  the  wire,  nince  by  tlie  time  the 
ground  has  completely  set,  the  strain  of  the  wire  will  have 
pulled  them  into  an  erect  position. 

Core  must  betaken  to  BO  plant  the  polesonthut  side  of  u  road 
'<!■  railway,  that  the  prevailing  winds  will  blow  them  off  the 
-:<nic,  should  it  overturn  them.  As  to  location,  the  top  of 
-["Cp  cuttings  Is  pi-L>ferablB  to  the  slope.  In  nil  exposed  posi- 
'II  ins,  it  is  prefrrablo  to  strengtlien  the  poles  by  tfa^f  attached 
I '  I  both  flidea. 

Whore  the  nuuilier  of  wires  ia  unusually  targe,  bi^avy 
timbM*,  or  In  auK:  of  Its  absence,  double  poles  Rulhibly  braced 
together,  must  hn  e<iiipIoyed.  In  long  Lncs  the  jioles  should 
kll  b«  numbered  in  order  to  ufTord  eiuie  fur  reference  or  repair. 

Wh«n,  (WOO  with  the  best  pitnning,  and  olh'.T  precautions, 

lO  pole  in  Judge<l  to  Iw  unable  to  reainl  1 1 
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and  stnitg  are  emplojed.  A  etaj/  n  us«l  when  it  Li  desirrd  tl 
remove  the  pull  or  tension  trom  the  pale ;  a  strut,  when  it  fl 
desired  to  remove  the  Ihrtist  or  presswe. 


ss  pieccf)  that  HUpport  t] 
he  same  side  of  the  polOL  3 
-  brackets   are  abown  i 


Fig.  311. 
The  armg  or  brackets,  or  the  cro; 
insulators,  sliould  nil  be  placed  o 
Some    common    forms   of  arms 

Fig.  an. 

Saddle  Brackets  should  be  placed  on  alternate  aides  of  thK^ 
pole     When  the  strain  on  an  iosulator  is  too  great,  on  ma^M 
count    of    the    ' 
?  going  off  at  a  sharp 
angle,  a  Shackle  ia 
used.   This  is  a  spec- 
^^BhB^^      lalformofi: 

■  ^m         which   confinea 

fflff.  3».  strain  to  one  s; 

A  form  of  Double  8hai\kle  is  showa  in  Fig.  312.     The  1 
paases  around  the  recess  at  B,  between  the  two  insulators. 
On  ctirves,  or  in  any  situation  when  there  is  a  probability, 


WORDB,  TERH8 


case  of  the  breaking'  of  an  insulator,  of  n  wire  gelling  inlo  a 
dnngnruus  paiition  Guards  should  be  employed. 

Oiiarda  are  of  two  kinds,  viz.:  Hoop  Quards  and  Hook 
Giiard».     A  form  of  fioofc  guard  is  shown  in  Fig.  313. 

When  wooden  poles  are  employeil  various  preservative 
methods  are  adopted  to  protect  the  wood  from  decay,  wliich  is 
very  apt  to  occui',  especially  at  the  line  of  the  pole  enters  the 
ground.    Some  of  these  forms  are  as  follown,  viz. : 

(1)  Charring   and   Tarring  the 
bttl  end  of  the  pole  where  It 
ters  the  ground,  bo  as  to  expel  the 
Up  and  destroy  injurious  plants  oi 
tuiimal  gem  IS. 

The  charred  end  la  tlien  cleansed 
aai  dipped  la  a  mixture  of  tar  and 
slaked  lime. 

(3)  Bumeluing,  ortlie  Introduc- 
tion of  chloride  of  zinc  into  the  H 
pores  of  the  wood,  hy  placing  the  I 
poles  m  an  open  tank  filled  with  a  ' 
solution  of  thi»  salt. 

(3)  Ki/uniging,  or  the  similar  in- 
troduction of  corrosive  suhliniate, 
or  mercuric  chloride. 

(4}  Boucherunng,  or  tlie  injccUon  of  a  si 
phate,  inlo  the  jwres  of  the  wood, 

(5t  Crf<Hmting,  or  the  application  of  creosote  to  wel]«ea- 
iioned  poles. 

I'oroui  Celb<~J»nt  of  unglazed  earthenware,  employed 
p  doulile-lluid  voltaic  culls,  to  keep  the  two  liquids  sepiirnled. 
le  of  a  poroiis  cell  necessarily  increases  the  internal 
«  of  the  cell,  from  the  decrease  it  produces  in  the  ai-ea 
M  ttection  of  liquid  tietwuen  the  two  elumuntA. .  When 
y  is  dismantled,  thn  porous  ttellsshould  be  kept  under 
r,  otberwise  Uie  crystallisation  of  tlie  liac  sulphate  or 


not  <'opper  sul- 


Fly,  m. 
PortFHll,  Electric A  [HJi-ti-ait  fonned  on  juipor  hj 

Ihc  electi'ic  volfttilization  of  gold  or  oilier  iiielAl. 

A II  cl<;r-tr'i(^  jiurlruit,  Eh  obtaini^d  l>y  cutUu^  on  a,  ibin  cnr4  K 
[lorti'ajt,  in  the  form  uf  a  utt'Dcil.  A  slie<?L of  ^)d  leaf  i&thm 
plowed   on  one  side  at  tlie  pnpnr  sl^nril,  aXiCi  n  rh<t«l  of  pt 

D  the  other  Hide;  Hhnela  tit  tin  full  (ire  llimi  [ilui».il  on  tbe 
Oiitsidp,  iw  shown  In  V\g.  !1H,  uu'l  lli'.'  wlwlr  (irm'y  p~wi 
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I  t.  U  If        w        I      uit        dstlarji  [         d  Ih.o.igh 

t  n    trf  -tt     r  tin  f    I  I     th       Ih       th     g  1 1  1   it  ia  vo- 

lat  I  xed    and  a   pu  pll  h     tain   i    1  ft  tl       {hi)       on  tliv 

tl  f  Ih    st  n    II  li    a  d   th       f         ng  1    -triu  por- 

trait 

Positive  Eltvlrlfjitj  .—One  of  llic  pliasea  oC  elec-trical 
pxciteiuenf,  ratht'r  lli.iii  onu  of  UiB  kinds  o(  electrii-jty.  (See 
Nrgalioe  Electricity.) 

Ponlllve  Dircrlfon  or  LlneM  or  Haimctic  Force. 
— The  direction  the  linia  o(  iijiignetic  tctroe  are  ossiimeil  to 
take,  viz.;i)U(  ofthf  north  pok  nf  n  mitguetnnd  into  the  gouth 
pitle.    (See  Field,  Miignvtie.     Direction  of  Lines  of  Furce.) 

PomIm,    Binding »r    Bludinv    Screw*. ^(See 

tiiiiding  Posts.) 

Polcntlal,  Conitiani -Aiiotontia!  which  remains 

constant  under  all  I'ondiUonH. 

A  machine  or  other  electric  source  la  said  lo  liave  a  con- 
stant potential  wlii-n  it  is  capable,  white  in  oiwrotiou,  of  main- 
taining a  conntaut  difTerenci^  of  electric  pressiii-o  between  its 
two  tenninals.     (See  Circuit,  Conntanl  Potential.) 

Polential,  Diflference  nf {See  Difference 

of  Potential.) 

Poleutlul,  l>illbrtfu<-e  of Dletliodit  nr  !lfeaa- 

urlaK ~^- Mel  hods  t!mpIoyi>d  fordeU'ruiin- 

ing  dltTprencc  of  [lotentiul. 

Tliesi.'  iiivtIiiittB  are  as  follows : 

(1)  Ss  the  Metliod  vf  H'ei^ftmg,  that  ia,  hj  obtaining  the 
weight  requirt^d  to  civercome  th«  attraction  bi^tween  two  op- 
positely chargeit  plates,  or  oppositely  enei^isetl  coils ;  or  by 
meawuring  the  repulsion  between  similarly  charged  surfaces, 
or  almilarly  energized  coils. 

(2)  By  the  ute  of  Electrometerg,  or  ajjparatus  dusigaed  i^  _ 
nivjiBitrint;  diftert-nces  of  potpulinl.     (See  ElectrometeraA^^St 

|8t  fly  the  imr  n/  Galvftniimeterx. 
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Difference  of  potential,  in  the  etmm  off 
determined  from  the  quantity  of  alectricMy 
second  through  a  ^ven  circuit,  that  i^  hj  tha 
am])drcs,  just  as  the  pressure  of  water  at  mxty  point  in  tlie 
of  a  containing  vessel  can  he  determined  bj  the  quaatily  of 
water  that  flows  per  second.  Diffcrenoe  of  potential  in  tlie 
case  of  currents,  therefore,  may  be  measured  by  noy  galvano- 
meter which  measures  the  current  direct^  in  nmpdrei,  and 
knowing  the  resistance  of  the  circuit* 

Potential,   Electric ^The  power  <»f  Mag 

electric  work. 

Elei'tric  level. 

Electric  i)otential  can  be  best  understood  by  comparimB 
with  the  case  of  a  liquid  such  as  water. 

Tho  ability  of  a  water  supply  or  source  to  do  work  depends: 

(1)  On  the  Quantity  of  Water. 

(2)  On  the  Level  of  the  Water,  as  compared  with  some  other 
level,  or,  in  other  words  on  the  difference  between  the  two 
level  H. 

Ill  a  hko  manner  the  ability  of  electricity  to  do  work  de- 
pends : 

(1)  On  the  Quantity  of  Electricity. 

(2)  On  the  Electric  Potential  at  the  place  where  the  elec- 
hcity  is  produced,  as  compared  with  that  atsome  other  place, 
r,  in  other  words  on  the  Difference  of  Potential. 

In  the  case  of  water  flowing  through  a  pipe,  the  quantity 
which  passi^s  in  a  given  time  is  the  same  at  any  cross  section  of 
the  pipe. 

In  the  case  of  electricity,  the  quantity  of  electricity  flowing 
through  any  conductor,  or  part  of  a  circuit,  is  the  same  at  any 
cross  section.  A  galvanometer  introduced  into  a  break  in  any 
part  of  the  conductor  would  show  the  same  strength  of 
current 

But,  though  the  quantity  of  water  which  passes  is  tlie  same 
at  any  cross  section  of  a  pipe,  the  pressure  per  aqtiart  inch  is 


ttot  the  Bjime,  even  in  the  case  ot  a  horizontal  pipe  or  the  same 
tlianiel«r  throughout,  but  befumes  less,  or  siilTers  a  loaa  of 
head,  or  difftrenee  of  pres»ure,  at  any  two  points  along-  the 
pipe,  that  Causes  the  How  between  these  two  points  against 
the  Ttaitianee  of  the  pipe. 

So  too,  in  the  case  of  u  conductor  c&irying  an  electric  cur- 
rent, though  the  quantity  of  electricity  that  passes  is  the  same 
at  all  cross  sedions,  the  eleelric  pressure  or  potential  is  by  no 
means  the  same  at  all  poinU  in  the  conductor,  but  Buffers  a 
lot*  of  electric  head  or  lex>el  in  the  direction  in  which  the 
electricity  is  Aowing.  It  is  this  loss  ot  electric  head  orlevel,  or 
difference  of  eleetric  potential,  that  causes  the  electricity 
to  Sow  against  the  reniatance  of  the  conductor. 


a  bo 


tt  shown  by  the  following  illus- 


Tbese  analog! 

ation : 

In  Fig.  SIB.  a  reservoir,  or  source  of  water,  at  C,  ( 
catea  witli  the  horizontal  pijie  A  B,  fiimisbed  with  open 
vertical  tubes  at «,  b,  e,  il.  c,  /,  g,  aud  B.  If  the  outlet  at  B  is 
closed,  llie  level  of  the  wiiter  m  the  communicating  vesscln 
IS  the  sumo  n«  at  the  source ;  but  if  the  liquid  escape  freely 
from  fi,  the  level  of  the  wuti^r  in  thu  branch  pipes,  will  be 
lound  on  the  inclined  dnttwl  line  or  at «'.  b',  n',  <f ,  «",  /,  gj^ 
ff  on  tho  hgdninlir  grndir 
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The  prewure  per  aqnsn  inch,  ftt  kdj  cnMs  —iliBwrfft* 
lioriBontal  pipe,  whichiameMuredt^the  haiglitof  theliqd 
in  thevertiailpipeatthatpolitt,  daorwHM  As  OtedUwdHumU 
trhiekthe  liquid  U Jlountm.  The  force  thftt  vagtm  UmbqM 
through  the  pipe  between  any  two  points,  nuj  b«  cadM  thi 
liqaid-nu)tive  foroe  {Fleming)  »nd  is  meaaured  bj  tta  djfW^ 
enee  of  prtmure  betweea  these  pointa. 

In  Fig-  816,  the  dynamo  electric  machine  at  D^  iHBJta  na^ 
live  pole  grounded,  and  its  positive  pole  oonneetod  to  aloa; 
lew],  A  B,  the  poBtiva  end  of  which  is  alao  grounded.  A  /al 
o/potenttoi,  represented  l)y  the  inclined  dotted  line,  oocnn  be- 
tween A  and  B,  in  the  dirtetion  ta  vJUchtke^aeMcU^iaJkm- 


The  dynamo  electric  machine  may  be  regarded  as  a  pump 
tliat  is  raising  the  electricity  from  a  lower  to  a.  higher  level, 
and  passing  it  through  the  lead  A  B.  The  electric  pretmtre  or 
potential  producing  the  flow  is  greatest  near  the  dynamo  Wid 
least  at  the  rurther  end,  the  differences  at  the  pomts  a,h,e, 
d,  e,  f,  and  g,  being  represented  by  the  vertical  linea  a</,blf, 
r.  c',  d  a,  e  <■■,  //,  and  g  g'. 

The  electricity  flows  betweea  any  two  points  as  a,  and  b, 
in  the  conductor  A  B,  in  virtue  of  tlie  difference  of  electric 
pressure  or  potential  between  these  two  parts,  or  the  differ- 
ence between  a  a',  and  b  b'. 

Differences  of  potential  must  be  distinguished  from  differ' 


i-nces  in  t)le<itj-io  cliar^,  or  electroHtiitiv  density.  If  two  con- 
ilufloi-s  iitdifterutit  poUntialB  ttre  isonnecli^d  by  u  I'uatiui'tur, 
:i  i-.iirrcnt  will  flow  through  thin  conductor.  When  their 
l.ofenlial  is  the  aiune  no  eurrent  JlnVK.  Tlie  (ionaity  of  a. 
rliiirge  is  tli<!  quBiiUly  of  plectridty  iht  unit  ol  urea. 

The  electric  potential  isthcaameatall  points  ofnn  insulaled 
I  hargeil  coodiietoi-;  tlie  density  is  dillcroiit  at  difTerent  points, 
I'Xt'L-pt  in  the  vusv  of  a  spliare.  Thu  poti'iilial,  however,  is  the 
--■inie,  since  no  current  (lows,  or  ttic  charge  does  not  redistribute 
iltelf.  The  density  on  an  inatilated,  isoliiled  sphere  is  uniform 
over  nil  pails  of  llie  stirface,  and  its  pulcntialis  thesaiiieatall 
jKiiuta.  If  now  llie  sphere  be  approached  to  anoUier  body,  its 
density  will  vary  at  different  parts  of  Us  surtaoe,  and  wliile 
■he  charge  is  nt jistributin)^  iltielt  sons  t'>  [iroduoe  these  differ- 
I'lices  in  density  the  potential  will  viiry.  As  soon,  however,  as 
this  redislributiun  is  otre(.-t«d  and  no  further  current  exists,  the 
same  over  all  parts,  though  the  density  differa 
dtiTerenl  |ioinlH. 

Paientlal,  EI«etroilailc --The  {lower  ot  doing 

worit  possessed  by  a  unit  (jiinnti^  ot  positive  electricity  cliarged 
'>n  an  insulated  body. 

The  eliictrio  potential  ot  any  point  may  also  be  defined  as 
being  equal  to  tiie  work  rcquiroil  to  be  exerted  on  a  unit  of 
iUveelei'trii-'ilyiii  bringing  it  to  tliatjioint  from  zero  poten- 
,,  from  an  iullnite  distance. 
^1  INtCenllsl  BneiW-— Energy  |>osscssing  the  power  or  po- 
licy of  doint;  work,  but  not  actually  {)errorming  such  work, 
e  Energu,  Putential.) 
i  Folvndal.  Pall  of (See  PotentUd.  EUcirui.) 

i   Polcnllal,  1HaBnetl« The  amount  of  wort 

d  to  bring  up  a  unit  north-seeking  mugni'lii:  pole  trcir 
Inlte  ilislanci!  tn  iinoilier  unit  north-snektng  mngnrtlc  poll 

P«l«>ntlnl    »r  I  oiiiturliir,    nelhuda    nf  TarvlnV', 


Ihiart 
B  BotenI 
KtdtiT 
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—The  jmtcntial  or   a  oonducUii'  way  bt 


in  the  following  » 

(I)  By  vai'ying  ils  electric  charge. 

(3)  By  varj-ing  its  shape  without  altering  its  charge. 

(3)  By  varying  its  position  as  regards  neigliboriag  bodies. 

This  re&emblos  the  cose  of  a  gnH  whose  tension  or  preu 
may  be  varied  as  follows,  viz.: 

(1)  By  varying  the  quaatity  of  gas. 

(3)  By  varying  the  size  of  the  gas  holder  in  which  it  ia  ki 

(3)  By  varying  the  tenipei'atui'e. 

EHITerence  of  potential,  therefore  corresponds, 

(I)  With  dilTerence  of  level  in  liquids. 

(3)  With  difference  of  pressure  in  gases. 

(3)  With  difference  of  temperature  in  heat.     (Asfrtoa,) 

Polentfal,  Zero An  arbitrary  level  from  whio 

electric  potentials  are  nieaaured. 

As  we  luea-sure  the  heights  of  mountains  froro  the  arbitral 
mean  level  of  tlie  sea  so  we  measure  electric  levels  froiu  I] 
arbitrary  level  of  the  potential  of  the  earth. 

The  time  zero  potential  would  be  situated  at  a  point  inflaite 
distant  from  any  electrified  body. 

Potentiometer,— An  apparatus  for  the  galvanometr 
measurement  of  electro-motive  forces,  or  differences  of  potM 
tial  by  a  zero  method.     (See  Null,  or  Zero  Method*.) 

In  the  potentiometer  the  difference  of  potential  to  | 
measured  is  balanced,  or  opposed,  by  a  known  difference^ 
potential,  and  the  equality  of  the  balance  is  determined  by  tl 
failure  of  one  or  more  galvanometers,  placed  inshunt  circuit 
to  show  any  movement  of  their  needles. 

The  principle  of  operation  of  the  potentiometer  will  I 
understood  from  an  inspection  of  Fig.  817.  A  secondary  ba 
tery  S,  has  its  terminals  connected  to  the  ends  of  a  uoiton 
wire  A  B,  of  high  resistance  called  tlie  FofenftORWt 
Wire.    Tliere  will  therefore  occur  a  regular  drop  or  fall  | 


mUul  along  thin  wire,  which,  siiu:e  the  wire  is  unirorm,  will 

Kequal  pnr  unit  of  knj^li.     Tliia  dru])  at  potential  can  bo 

n  by  {'onnecting  thi!  tcrniinals  o(  il   delicate  high  resis- 

ie  gulvanometer  to  (lifferent  parts  of  the  wire,  when  Ihi.' 

ectlon  of  the  needle  will  be  [jro|)iirtional  to  the  drop  of 

Mntial  between  the  two  points  of  tile    vrire   touched.     If 

the  termioals  of  a  Slandard   CWI  be  ioBei-ted   In  the 

t  of  the  galvanometer,  so  as  t»  oppose  the  current  taken 

I    the    potentiometer    wire,     and    the    contacts    ol    the 

nntiometer  wire  be   slid   along   it   until   no   deSeotiou  of 

t  galvanometer   needle  is  produced,  the  drop  of  potential 

a  ttieae  two  points  on  the   potentiometer   wire  will  be 

al  to  tlie  differenfe  of  poten- 

I   of  the  standard   cell. 

^ndurd  Cell.) 

hippose  now  it  be  desired  to 

^measure  the  ililference  uf  poten- 

tint  between  two  points  a  and  b, 

on  the  wire  C,  through  which  a       , 

current  is  Itowing.     Connect  tlie 

IHiinls  b  and  d,  and  a  and  c,  as 

sliown,  with  the  delicate  high  resist 

•■ither  of  thein.    Now 


i::! 


e  galvanometer  G,  in 
wardti  d,  until  the  needle  of 
li  Hbows  no  deflertion.  The  iH>tential  between  a  and  b,  in 
llicn  eipial  to  that  between  r  and  if. 

Polenllometer  Wire.— The  wire  of  a  potentiometer 
which  has  been  calibrated  (or  its  drop  of  potential.  (See 
Pofenfioiiicfer.) 

Power.— Rate  of  doing  work. 

Mechanical  power  is  ^nerally  measured  in  horse  povier, 
which  iit  e<iual  to  work  done  at  the  rate  uf  550 /uof-jMnindt  _ 


veetmd. 
?  The  C.  O,  a.  Unit  of  Power 
.   The  practiral  nnit  of  power 


isoQ«  Erg  )>^^^  l^eooad. 
is  the  Watt,  or  lOJX'  ~ 


49d  ▲  DicnoNABT  OP  ■LaonuoAi. 

Power,  AbtorpUve —(See  AbtorpHoe  Amt.) 

Power,  Stray (See  Strain  Power.} 

Poirer,  Thermo-Eleetrie ^A  number  wlueii, 

whea  multiplied  by  the  diflPerenoe  of  temperature  of  ftthcr- 
nio-clectric  couple,  will  give  the  difference  of  potential 
thereby  generated  ia  micro-volts.    (See  Diagram^   Tkermth 

Electric.) 

Poi¥er,  IJnltt  of ^Various  units  designed  for  the 

measurement  of  power. 

The  following  table  of  Units  of  Work,  and  of  Power  is 
taken  from  Hering*H  work  on  Dynamo  Electric  Machines : 

Work 

1  erg - =1.  dyne-centimetre. 

1     **    =  .0000001  joule. 

1  gram-<*entiinotre =  981.00  ergs. 

1  "  =  .00001  kilogram-meti«. 

1  foot-grain =  1937.5  ergs. 

1  joule,  or \=  10,000,000  ergs. 

1  volt-<:ouloiiib,    or =  .787834  foot-pound. 

1  watt  (luring  ov'(M*y  sec- 1 

ond,  or /=  .  101937  kilogram-metre. 

1  volt-anipcire     d  u  r  i  n  g 

every  seoond j=  .0013592  metric  horse  power  for 

one  second. 
"  =  .0013406  horse  power  for   one 

second. 
•'  =  .0009551  pound-Fah.,  heat  unit 

"  =  .0005806     pound-Centig.,     heat 

unit. 
"  =  .0002407  kilogr.  -  OenUg.     lieat 

unit. 
=  .0002778  watt-hour. 

1  foot-i)ound ==  13562600  ergs. 

=  1.85626  joules. 
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=  .13825  kilogram -metre. 

=  .0018434  metric  hoi-ae-power  tor 

one  second. 
=  .00181818   horae-power   for    one 

second. 
=  .0012958  pound-Fah..  heat  unit. 
=  .0007100  imund  ■  Centig..     heat 

=  .0008364   kilogr.-Centig,.    hoat 

-  .0003787  watt^hour. 

1  kilogram-melrc =  08100000  ergs, 

=  0.81000  joiileB. 

"  =  7.Z3S11  foot-pounds. 

"  ,.. =.01883  metric  horse-power    for 

" =.018151    horse  -  power   for    one 

second. 

"  =  .009369  pound-Fah.,  heat  unit. 

"  =  .005309  pound-Centig..heiit  unit. 

=  .003361  fail  Dgr.-Centig.  heat  unit 

=  .003725  watt-hour. 

I  watt-hour =  8600.  joules. 

.  =  2664.4  foot-pounds. 

.  =  866.97  kilogram- metres. 

.  =  8.4S83  pound-Fah.,  heat  units. 

.  =  1.B103  pound-Centig.,  heat  unita. 

.  =  .8664  kilogr.-Centig.,  heat  unita, 

,  =  .0018992    metric    horee  -  power- 

,  =^  ,0013406  horse-power-hour. 
lO  joules 


EflMtric  horae-power-hour  - 


=  1933940  foot-pounds. 
=  370000  kilogram-metres. 
=  ^20.7  pound-Fah.,  Ileal  unita. 
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1  niptrlohorw-iKiwer-lioiir  =  1400.4pound-Centt^.,  h«aF^m 
=  837,5  IdloBr.-Centig. ,  heatuoit 
"  =  735."5  walt-lioura, 

"  =  .98634  horBG-|K>wer-hour. 

1  horw-piiwcr-liOHr =  368.')400  joules. 

=  1980000.  foot-jwunda. 

"  =  273740  kilogram-metres. 

"  =  2584.8  pound-Fah..  heat  imil*. 

"  =  H34.9pound-Ceiitig.,  faeatuniU 

"  =  046.31  ki1ogr.-Cenlig.,h«atuiu(i 

"  -  741.941  w-att-houis, 

'■  =  1.01385    metric    horse  -  power 

Heat. 

1  gram -Centigrade =  .001  kilognun-Centigrade. 

1  pound-Fahrenheit =  1047.08  joules. 

"  =  772  foot-pounds, 

"  =  106.731  hjlogram-metns. 

" =  .S&556  pound-Centigrade. 

"  =  .85300  kilogram-CeDtignde. 

■'  -  .29084  watt-hour. 

"  =,0008868   metric    borse-powci 

"  -  .0003899  borse-power-bour. 

1  pound-Centigrade =  1884,66  joules. 

"  =  1389,6  foot-pounda. 

"  =  11>3.116kilognun-niefares, 

"  =  1,8000  pound-Fahrenheit. 

"  =  .4S36  IdlogTam-CeDtignMle. 

"  =  .53353  watt-hour. 

"  =  .0007115   mclrk-    liorse-powei 

iuHir. 

•■  =  .OOOTOIS  hors^powi 

lkilogTwn-C*ntignMJe..--  =  4l.'Vi.».'i  jo\ 


^^^^^^^I^^V 

WOKPS 

1  fcUogrun-CenU^radu. 

...  =  433.54  kilogram-meters. 



. .  =  3.9683  pouod-Fahrenheit. 

L 

...  —  2.3046  pouDd-Centigrade. 

■ 

...  =  1.1542  watt-hours. 

1 

,,.=.001568    metric    horee-power- 

■ 

hour. 

1 

..  =  .0015472  horso-power-hour. 

P 

Power. 

*  1  erg  p«r  eeconil 

..  =  .0000001  watt. 

..  =  10000000,  ergs  per  second. 

1  volt-ump*re,  or 

,.  =  44.2304  foot-pounds  per  min. 

1  joule  per  second,  or  . 

..=6.11822   kilogram  -  metres    per 

=  .0318300  Ib.-Cent.,  heat  unit  per 

^k 

=  .0144402   idgr.-Cent.    heat    unit 

^B 

permin. 

=  .0013392  metric  horse-power. 

H^ 

=  .0013406  bome-power. 

^D  foot-pound  per  roia.. 

,,  —  226043  erps  per  second, 

^H_ 

..  =  .0336043  watt. 

^H 

..  —  ,18835  kilogram-metre  per  min. 

^H 

..  =  .000030T3  metric  horse-power. 

^H 

^^pfcaograiD-metre  per  □ 

lin  =  1635000.  ergs  per  second. 

^K 

=  .168500  watt. 

^^ 

=  7.33314  loot-pounds  per  min. 

^^k 

=  .0002323  metric  horse-power. 

^^H 

=  .0003103  horse-power. 

^^^tatnc  horse-power  . 

..  =  735.75  X  10'  ergs  per  second. 

..  =  735.750  watts. 

^^H           hone-[>(>wer 

. .  =  33049.0  foot-pounds  per  min. 

.  .    =  rLVtO  tili>tmLin.Ttialn»i  nar  min 

e  OF  ELECTBICAI,  ' 

1  clieval-v^peuT,  cir =  43.162   Ib.-Fali.,  heat   units  per 

1  lozve  dc  cheval,  or =  33.438  Ib.-Cent.,   beat  units  per 

1  Pferdekralt =  10.825  klg.-Cent,.  heat  units  per 

" =  .986JW  horse-power  heat    units 

I  horse-power =  745.94  x  10*  ergs  per  second. 

=  745.M1  wattH. 

"  =  83000  Toot-poiindB  per  min. 

"  — — =  4S63..13    kilogram  -  metres    per 

"  =42.74(1   Ib.-Fah.,    heat  unils  per 

min. 
«  =  33.748  Ih-Cent,  heat  units  per 

'*  =  10.773  klg.-CenL,  heat  units  per 

" =  1.01385  metric  horse-power. 

1  lb.  Fah.,  heat  unit'per 

min =  17.45  X  10'  ergs  per  second. 

-  17.4505  watlB. 
"  =  .38718  metric  horse-power. 

"  =  .028894  horsepower. 

1  lb.  Cenc,  heat  unit  per 

min =  81.41  x  10'  ergs  per  second. 

"  =  81.4109  watts. 

"  =  .04369  metric  horse-power, 

"  =  .042109  horse-power. 

1  klgr.-Cent.,heatunitper 

min =  69.35  x  10'  ergs  per  second. 

=  69.349  watts. 
"  =  .09413  metric  horse-power. 

"  =  .099885  horse-power. 

{Bering.) 
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Practical  VnlU.— {See  Units.  PiwIiMl.) 
IPHmary  Battery.— <8ce  Battery.  Primary.) 
Prime  Conductor.— The  jiositive  conductor  of  0.  fric- 
Uonul  electric,  or  electrostatiu  machine.     (See  Machine,  Elec- 

trie,  Friclionril.) 

Prime  flotor.— (See  Motor.  Prime.) 

ProlM>,   Electric Metallic  conduelors,   inserted 

in  the  bodj  of  n,  patient,  to  ascnrtain  tJie  exact  position  of  a 
bullet  or  other  metallic  body. 

Ttie  conductors  lire  pliu'eil  parallel,  and  are  sepamted  althe 
cxlri<mity  ol  the  probe  by  any  auitable  inaulaUng  material. 
On  (wntaot  with  the  metallic  siiltsUinee,  an  eledric  boll  is 
nuiK  by  the  closing  of  the  uin'iiiV,  or  the  same  thing  iii  more 
readily  ilnt»c(«^  by  the  deflection  of  the  nocJIe  of  a  galvano- 
meter, or  by  a  ttilcphuae  plai'cd  in  the  ciri^uit. 

n>acc««.  Electrotype {See Elpctmti/pr.  Prorv.as.) 

Procoacs   of  f^rlionizHll«n.-~<See    Carbonization, 
Proccwt  of. ) 
Prony-Brukc— (See  flnifcf,  Prony.) 
ProoF-PIane.— A  small  insnlfited  o'tnduolor  imiployeil  (o 
teal  chargiTB  from  the  8nrl;ica  of  an  insulated,  charged 
idnctor. 

The  proof-ptono  in  used  in  connection  with  some  formit  of 
>tai!U)ir.—(^iM' llalanee,  Toraiun,  Coulomb's.) 

\  Proora*lanp,  niwnctlc A  Bniti]] 

fl  ol  wire  pliuvd  in  lite  circuit  of  n  i|i>1ii;ait«  gfLlvannmntvr, 
il  UKPil  tor  Ihu  purjicBu?  of  exploring  n  iiiii^'in'fii-  fl'lit, 
|k  Wh«i  tliK  coiltAHUiMcnly  invc-rlt'd  in  .  .  i 

;  noil  galvunuinofer  providi^il  with  ■■ 
ntnunb«ro[  Unm  uf  forcu  which  pu- 
1  tuMtioD  of  the   coil,  will  bo  pn-]  ■  i 

ingk-  of  the  Urst  swing  "t  Hi.'  ii.:.-d\.  . 
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Proportionate  Arms  tf  [KloeCrle  lti'Wjfi,i  A  Iwii 
applied  to  two  of  the  arms  of  an  electric  bridge  <ir  >Mr»** 
(See  Balance,  WhecUstarui's  EieeMe,  Boob  JPotm  o/.) 

Prottratlon,  Eleetrlts (See  Sum  Stroke^  Ehe- 

trie) 

Protection,  Eleetrle ofHiHuee,  flh^M  mmi 

Bulldlngt  Crenerally.    (See  Lightning  Mods.) 

Protection,    Eleetrie  of  H<»tals.— {Bee 

Metals,  Electric  Protedion  of.) 

Protector,  Uirbtnlnv  — — — —  —(See  Idghining  Ar- 
rester.) 

Protector,  Tacuum  lilgtatnlnf ^A  protec- 
tor consisting  of  a  glass  vessel  in  which  the  line  wires  and 
an  earth  wire  arc  fused,  and  in  which  a  partial  vacuum  is 
maintained. 

Vacuum  protectors  are  employed  on  the  lines  of  suhmarine 
cables,  or  underground  lines,  in  order  to  protect  them  from 
lightning  discharges. 

A  discharge  of  high  potential  passes  more  readily  through 
this  partial  vacuum  to  the  ground  whan  through  the  line 
wires. 

Protoplatm,   Eflfbcts  of   Electric    GurrenUi   on 

■ Contractions  observed  in  all  protoplasm  on 

the  passage  of  an  electric  current  through  it. 

Protoplasm,  the  basis  of  plant  and  animal  life,  or  the  jelly 
like  matter  that  fills  all  oruranic  cells,  whatever  may  be  the 
origin  of  such  cells,  sufTers  contraction  when  traversed  bv  an 
electric  current. 

An  increased  activity  of  the  movements  of  the  amceba  is 
occasioned  by  slight  shocks  from  an  induction  coil ;  stronger 
discharges  produce  tetanic  c;ontractions,  with,  in  some  caae6» 
expulsion  of  food  or  even  of  the  nucleus.  A  unifofm 
strength  of  current  produces  contraction  and  in^iQrfeel 
tetanus. 
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Pomp,  Mechanical  Air A  metlianicaJ  device 

tor  exhausting  or  renioviag-  tlie  air  fiiim  a,ay  vessel. 

An  excellent  [orrn  of  air  punip  in  shown  in  Pig.  31$,  which 
is  A  drawing'  of  Bianchi's  pump. 

Three  valves,  all  opening  upwards,  are  placed  at  the  top 
and  bottom  of  the  cylinder,  and  in  the  piston,  respectively. 
These  valves  are  mechanically  opened  and  closed  at  the 
proper  moment  by  the  movements  of  the  piston,  ».  e.,  their 
action  is  automatic.  This  enables 
a  much  higher  vacuum  lo  be  oIj- 
tained  than  when  the  valves  open 
and  cjose  by  the  tension  of  the 
air. 

Mechanical  piunps  are  unable 
to  readily  produce  tlie  high  vacua 
employed  in  moat  electric  lamps. 
Mercury  pumps  are  employed  for 
this  purpose, 

Pnmps,  Mercurial  Air 

— Devices    (or    obtaining 

tibigh  vacua  by  the  use  of  mercury. 

I      Mercury  puiupa  ivre,  Id  general, 

of  two  types  of  canstructioii,  viz. : 

(I)  The  Geissler  Pump. 

(S)  TheSprengel  Pump. 

In  the  Qeutlrr  Mrrctirg  Pump, 
a  vactium  ia  ohtiLined  by 

eans  of  llie  Torricelliiin  viuruum 
b  that  forms  the  upper  exti'i-mity  nf  a  bnnnaetri 
-     ■!>,„.■/;■»■   r.J'imn.)    Tli.'   U.wcr   ,'nd   ..f  l' 

t  llexibl. 


I 


coonecleil  willi  lliu 
lion  L-iKk,  ixKonmuiiiiiUoi 
contuiiia  u  Torri(U--lliaa 
vacuum,  (Uid  slint  olT 
rrom  it  while  its  uir  is 
being  expelled. 

Ill  iutiiul  [iroctice  the 
meivMi'y  is  uiLi'luiuic- 
ully  pumped  into  the 
baitimrlrit  column,  umi 
the  viilves  are  0|ii^in.'il 
either  by  haiiil,  or,  uvi- 
tomatically  by  siiitiLble 
meclianiera,  or  by  rileo- 
trical  tuciuia. 

In  the  Sprengel  iler- 
wry  Pimp.  Fig.  8^0,  u, 
TBcauin  in  ohtAiiieil  l)y 
of  Ihe  full  of  a 
Vtream  of  mercury  in  u 
▼ertical  tuboofoouii>ar- 
atively  line  Lore,  wliiili 
dips  below  a  murcury 
level.  Tbefiillofamer- 
Btreuiii  causes  tho 


WOKIW,  TEBHa  ft.NI 


iilb,  H 


cury  B 

uxha tuition  of  a 


-itlitlie 


1  itcUou   at  Uie 


SOS 
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other  liquid  falling  in  agood  vacuumis  heard.     The  exhuNt- 
ion  may  be  considered  as  completed  when  the  bubbles  entiidj 

ili!iu{i]M!ar  from  tiie  column. 

Tli<!  Spreugcl  pump  produces  a  better  Taoumn  than  the 
fleisslcr  pump,  but  is  slower  in  its  action. 

In  uctiial  pi-actice,  the  mercut;  tliat  baa  bllen  throogh  tbe 
lubu  in  ugxiin  raised  to  tlie  reservoir  connected  to  the  drop  tube 
by  the  action  of  a.  mechanical  pump. 

Pannlnc  of  Telosraph  Poles.— Ramming  or  paddng 
the  earth  around  the  base  of  a  tele^^ph 
[Kile  for  the  purpose  of  more  saourdj 
fixing  it  in  the  ground. 
Push  Bntlon.— (See  Button,  PuA.) 
P)-ro  Electlicitf.— Eleotricity  de- 
vi'loped  in  certain  crystalline  bodies  by 
iieuting  or  cooling  them. 

Tounnitliue  possesses  this  property  in 

a  marked  degree.     When   a  cryBlal  of 

I   tourmaline  is  heat<?d  or  cooled,  it  acquires 

opposite  Gleotriflcations  at  opposite  ends 

or  poles. 

In  tiiu  crystal  vt  tourmaline  sliown  in 
Fig.  3^1,  the  eud  A,  i:n.lled  tite  analogout 
u  positive  electrillcation,  and  the  end  B,  called 
e  antilogous  pole,  a  negative  electrification,  xchile  the  tem- 
jterature  of  the.  ergnfat  in  riting.  While  cooling  the  opposite 
electrifications  ai'n  produced. 

A  heated  cry»tttl  of  tourmaline,  suspended  by  a  fibre,  is  at- 
trocted  or  repelled  by  an  electrified  body  or  by  a  second  heated 
tounnalino,  in  the  Bume  manner  as  un  electrified  body. 

Many  crystalline  bodies  possess  similar  properties.  Among- 
these  are  tiic  ore  of  zinc  known  us  electric  calamine  or  the 
silicate  of  zinc,  boracite,  quartt,  tartrate  of  potash,  sidpbata 
of  quinine,  etc 


pole 


flg.isL 

acquires  u 
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PyromaffncUc  Moior,— A  motor  ilrivei 
tion  of  magnet  poles  on  a  movable  ctirs  of 
heated. 


hylhoaltnif. 
ron  unequally 


I  Th«^  iotcnslty  of  niagnnliailiuii  ol 


nu 


i  aicnostxr  or  nLccnocu. 


a  red  linut.  A  disc  of  iron,  placed  between  the  poles  of  a 
ma^'Qct  HO  as  b>  be  capable  of  rotation,  will  rotate  if  boated 
at  a  iKii-t  nearer  one  pole  tban  the  otlier,dtu9e  itbeoomwlMs 
{towcrfully  mogoeUzed  at  ttie  heated  part. 


In  tike  form  of  pyrooiognetic  motor  devised  by  Edtson,  a; 
nhowD  in  Fig.  823,  In  elevation,  and  in  Fig.  328,  invertlcalai 


ion,  Uie  iliac  of  iron 
li'Or  divided  a  a  D  u  I  n  r 
spocee,  Jieiilfil  l>,y  iLe 
products  of  tiiiubiiKlioii 
from  a  lire  plaocd  lio- 
neath  them.  In  order 
to  render  tins  lieating 
local,  a  n.it  Hcieen  in 
placed  diHsymolncjiIly 
across  the  top  to  pre- 
t  ILe  passa^rti  o(  ii[r 
thniugh  ttie  portion  ot 

recaed.      Tho    oir    i> 

ipplied  to  tlic  tiiriiiuc 

f  imaaing  diiwii  from 

■cthroui-hthiituhi'a 

screenud.     Thia   is 

n  the  drawiu|,rH, 

diroctJon    of    tlic 

heating und  the  cooliiig 

>  being  in- 

■iiinttd  by  (Iip  urrowa. 

Tilt.  8iti)]jl_v  ot  air  fi-om 

above  thus  ii 

ml  i-oolins  of 
the  sci'eeiifd  portion  of 
tlio  lubes. 
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that  any  variation  in  the  number  of  lines  of  msguMc  force 
that  pass  tiirough  a  conductor,  will  develop  diflTer^ices  of 
electric  potential  therein.  Such  variations  may  be  effected 
either  by  varymg  the  position  of  the  conductor  as  regards 
the  ma^etic  field,  or  by  varying  the  intensity  of  the  magnetic 
field  itself.  The  latter  method  of  generating  differences  of 
{)otential  is  utilized  in  the  pyromagnetic  generator,  and  is 
effected  in  it  by  varying  the  magnetization  of  rolls  of  thiii 
iron  by  the  action  of  heat 

A  form  of  pyromagnetic  generator  devised  by  Edison  is 
shown  in  Figs.  824  and  825. 

Eight  electro-magnets  are  provided  each  with  an  armature, 
consisting  of  a  roll  of  corrugated  iron.  Each  of  these  arma- 
tures is  provided  with  a  coil  of  insulated  wire  wound  on  it 
and  protected  by  asbestos  paper.  These  armatures  pass 
through  two  iron  discs  as  shown.  The  armature  coils  arc  con- 
nected in  series  in  closed  circuit,  the  wires  from  the  coils  being 
connected  with  metallic  brushes  that  rest  on  a  commutator, 
supported  on  a  vertical  axis.  A  pair  of  metallic  rings  is 
provided  above  the  commutator  to  carry  off  the  current  gene- 
rated. The  vertical  axis  is  provided  below  with  a  semi- 
circular screen  called  a  guard  plate  which  rotates  with  the 
axis  and  cuts  off  or  screens  one-half  the  iron  armatures  from 
the  heated  air. 

When  the  axis  is  rotated,  the  differences  in  the  magnetiza- 
tion of  the  armatures,  when  hot  and  cold,  develop  differences 
in  electromotive  force  which  result  in  the  production  of  an 
electric  current. 

Pyrometer* — An  instrument  for  determining  tempera- 
tures  higher  than  those  that  can  be  readily  measured  by  ther- 
mometers. 

Pyrometers  are  operated  in  a  variety  of  ways.  A  common 
method  is  by  the  expansion  of  a  metal  rod. 


Pyrometer,  Siemens'  Eleetrle 
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for  the  determination  of  temperttture  liy  Ihp  iiieas- 
enient  of  the  electric  resistiince  of  a,  pliLliniini  win;  cxpoa^il 
the  heat  whose  t^mpi^mture  is  to  be  nieiiAiiri?il. 


The  plutinuin   vrii'e  is  coiled   on  a  oj-linder  of  Arenilay,  wC 
A  ila  sepomte  convolutions  iJci  not  touch  onu  uiiotlkor.     T' 
ili.>cteil  hy  a  pl»tiniiin  Hhlcld,  nDtl  is  exposed  to  t^ 
••  to  bn  measured  whilv  Itwiite  a  platiout 

Thu   rPMiitJiniM!  of  the  platiQum  eor' 
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accurately  ascertained,  the  temperature  to  which  it  ham 
exposed  can  be  calculated  from  the  chan^  in  its 
when  exposed  to  tlie  unknown  temperature. 

Pyrometer,  Siement'  Water — A  pyrometer 

employed  for  determining  the  temperature  of  a  furnace,  or 
other  intense  source  of  heat,  by  calorimctric  methods,  i  e.,  by 
the  increase  in  tlie  temperature  of  a  known  weig-ht  of  water, 
into  which  a  metal  cylinder  of  a  given  weight  has  been  put, 
after  being  exposed  for  a  given  time  to  the  source  of  heat 
to  be  measured. 

When  copper  cylinders  are  employed,  the  instrument  pos- 
sesses a  range  of  temperature  of  1800'  F.;  when  a  platinum 
cylinder  is  used,  it  has  a  range  of  2700*  F,  * 

Quadrant  EleetroHcope,  Henley's (See 

ElectroHcopCy  Quadrant ,  Henley* 8.) 

Quadrant  Electrometer,— (See  Electrometer^  Quad- 
rant,) 

Quadruplex  Telennraptay.— A  system  of  telegraphy  by 
inodiis  of  whii.'h  four  nicssagcR  can  be  simultaneously  trans- 
mit tod  over  a  single  wiro,  two  in  one  direction,  and  two  in  the 
opposite  direction. — (See  Telegraphy,  Quadruplex,) 

Qualitative  Analy§lf. — (See  Analysis.) 

<luallty  of  DiHruptlTe  Dl§eliari^e,  Hoiv  AfH^eted. 

— The  appearance  of  the  disruptive  discharge  as  affected  by  a 
variety  of  circumstances. — (See  Discharge,  Disruptive.) 

Quality  or  Timbre  of  l^ound.— That  peculiarity  of  a 
musical  note  which  enables  us  to  distinguish  it  from  another 
musical  note  of  the  same  tone  or  pitch,  and  of  the  same  in- 
tensity or  loudness,  but  sounded  on  another  instrument. 

The  middle  C,  for  example  of  a  pianoforte,  is  readily  dis- 
tinguishable from  the  same  note  on  a  flute,  or  on  a  violin ;  that 
is  to  say,  its  (piality  is  ditforent  The  differences  in  the  quality 
of  musical  sounds  are  caused  by  the  admixture  of  additional 
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■e  always  associated  with  uny 


sounds  (^let)  m'ertnnrs  which  a. 
musical  sound, 
Briefly,  nearly  oil  so-calUd  simple  musical  sounds,  aro  in 

utility  chords  or  assemblngesoru  number  of  different  musical 

One  of  these  notes  is  fai-  loiider  than  all  the  others  and  is 
failed  the  fiiiiilimrntal  tone  or  note,  and  is  what  is  recogniz<^ 
by  the  ear  as  Ihe  note  proper.  Tlie  overtones  are  too  feijble 
to  be  hcEivd  very  ili.«tini-Uy.  but  Iheir  presence  gives  to  the  note 
propfr  its  own  peculiar  quality.  IntliecJtaeoranotesoiiniled 
on  the  Itute,  these  overtones  are  dilTerent  either  in  number 
or  in  their  relative  intensities  from  the  same  note  sounded  on 
^innlher  instrument     Their  Fundumental  tones,  however,  are 

The  peculiarities  which  enable  us  to  distinguisli  the  voice 
<>r  oDO  speaker  or  singer  Troni  another  are  due  to  the  preseniw 
nt  these  overtones.  Tlie  over-tones  must  be  eorreolly  repro- 
iliiccd  by  the  diaphru^'m  of  the  telephone,  or  phonograph, 
i.Tiiiihophonc,  or  gramophone,  it  the  articulate  speech  is  to  he 
correctly  it'prodUf«d  with  all  its  characteristic  peculiarities. 

4|9nnlllall«'o  Anal]*  la  .—(See  AnalyHs.) 

Qnanllti',  Armngemcnt  of  Tollalc  Cells  for 

— A  term,  now  generally  iu  disuse,  to  indicate  tlie  grouping  of 

»jfOltaic  veils,  technically  known  aaparallel  or  multiple'firr. 
f  Wie  nrrungenient  or  coupling  of  a  number  of  voltaic  celin 
^  multiple-arc  being  an  arrangement  that  reduces  the  internal 
TCtt'-slnnce  of  the  battery,  and  thus  [icniiits  a  greater  current. 
or(|unntity  of  electridtylopiiss:  hence  the  origin  of  the  term, 

Qimtltllf .  Vnlt  ofElrrlrlc A  deAnit«  antonnt 

or  qonntily  of  eleftricitycalleil  the  eimlomb.—(Sve  CovlonA.) 

Although  the  exiift  nnlure  nf  elertrinly  i^  iinknoi 
fc  ftcts   like  a  lluiii  (a  liquid  or  gas)  anil  cjiii  bi'  ,'ic''iirii*t-lj 
niiurm]  us  to  quantity. 

Irurmotofonn  umpire,  for  nxamplo.  i*  iintrmnt*- 
/iiloiiiOijf  'Iftrk'ilf/  yoi^--'-' 


510  A  DIOnOHABT  OT  EMMCaOOMMs 

A  condenser  of  the  eapaeiijf  of  one  farad  is  luge  enough 
to  hold  one  coulomb  of  electricity  it  forced  into  the  thnI 
under  an  electro-motive  force  of  one  voif.— (See  Qayacffif. 

Faracf.  Ko/f.) 

<lalet  Dttcharve.— (See  IHwAarge,  Gcmvecfiee.) 

Radiant  EnergJ*— Energy  transferred  to»  or  diaiged  oa. 

the  universal  ether. 
Radiant  energy  is  of  two  forms,  vis. : 

(1)  Obscure  Radiation,  or  Heat. 

(2)  Luminous  Radiation,  or  Lights 

Radiant  Matter.— (See  Matter,  Radiant.) 

Radlophony. — ^The  production  of  soimd  by  a  body  cap- 
able of  absorbing  radiant  energy,  when  an  intermittent  beam 
of  lierht  or  heat  falls  on  it. 

The  action  of  radiant  energy,  when  absorbed  by  matter,  is 
to  cause  its  expansion  by  the  consequent  increase  of  temper- 
ature. This  occurs  even  when  the  body  is  but  momentairily 
exposed  to  a  flash  of  light,  but  the  instantaneous  expansion, 
thus  producc'd,  immediately  dies  away,  and  by  itself  is  indis- 
tinguishable. If,  however,  a  sufficiently  rapid  succession  of 
such  flashes  fall  on  the  body,  the  instantaneoius  expansions 
and  contractions  produce  an  appreciable  musical  note. 

The  sounds  so  produced  have  been  utilized  by  Bell  and 
Tainter  in  the  construction  of  the  Photophone.  (See  Photo- 
phone.) 

Radiation. — The  transference  of  energy  by  means  of 
ether  waves. 

Radicals. — Unsaturated  atoms  or  molecules,  in  which 
one  or  more  of  the  bonds  are  left  open  or  free. 

Radicals  are  either  Siynple  or  Compound* 

The  mdical  may  be  regarded  as  the  basis  to  which  other 
elements  may  be  added,  or  as  the  nucleus  around  which  they 
may  be  grouped. 


^ 


Thus  H|0  forms  a  complete  chemical  molecule,  because 
the  bouds  of  all  its  constituent  atonis  are  saturateil,  tlius 
H —  O  —  H.  But  H  —  O  — ,  or-  hydroxyl,  is  a  radical,  because 
its  oxygen  atom  possesses  one  unsaturated  or  free  bond.  By 
combining  with  the  radical,  (NO,),  it  forms  nitric  acid,  llius 
H  — 0  — (NO.)  =HNO,. 

During  electrolysis,  the  molecule  of  the  electrolyte  is  de- 
composed into  two  simple  or  compound  radicala,  called  ion«. 
These  ions  are  respectively  electro-positive  or  electro-negalive, 
and  are  called  ftaf'iions  and  aniona.    (See  Ions.    EleelrolyaU,) 

Radlomelcr,  Crookes' An  apparatus  tor 

showing  the  action  of  radiant  matter  in  producing  motion 
from  the  effect  of  the  reaction  of  a.  stream  of  molecules  escap- 
ing from  &  number  of  easily  moved  heated  surfaces.  (S«e 
Matter,  Radiant.) 

Rail  Boad,  or  Railway,  Electric A  rail- 
road, or  railway,  the  cars  on  which  are  driven  or  propelled 
by  means  of  elei'tric  motors  connected  with  the  cars. 

The  electric  current  that  drives  the  electric  motor  is  either 
derived  from  storage  batteries  placed  on  the  cars,  or  from 
a  dynamo-electric  machine  or  battery  of  dynamo-electric 
tnachinea,  conveniently  situated  at  some  point  on  the  rood. 
'^SeeSfora0eo/£Jecfrici(|r.)Thecurrentrr'Om  the  dynamo  is  led 
nlopg  thu  line  by  suitable  electric  conductors.  This  current  is 
passed  into  the  electric  motor  as  the  car  runs  along  the 
tracks,  in  various  ways,  viz.: 

(1)  Placingoneor  both  mils  in  the  circuit  of  the  dynamo  and 
takmg  tlie  current  from  I  lie  tracks  by  means  of  sliding  or 
rollin);  contacts  («nnected  with  the  motor. 

{2)  By  plncing  the  conducting  wires  parallel  to  eacli  other 
in  a  longilttdinally  slotti^d  undergroumd  conduit  in  llic  nm»i 
le<l,  unil  taking  the  current  by  means  nf  alrnvoliiiK  tmial.  or 
-nlled  u  plow,  Hied  or  shoe,  and  provided  with  iwi. 

,1  phitM,  insulated  from  one  anottier  and  cuantc 
■tivply  lo  llie  motor  tcniiinuls.    On  tli"  inoviira"-!* 
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car  over  the  track,  these  ti*aveling  contacts  touch  the  two 
parallel  line  conductors  m  the  conduit,  and  take  the  elecMe 
curront  thorefrom.    (See  P/otr,  Sled.) 

(8)  By  placing  the  line  conductors  on  poles,  alon^  the  road« 
and  takin«^  the  current  therefrom  by  means  of  suitahle  trarel- 
iiiix  contjK'tH  oall(»d  trolleys  or  by  sliders.    (See  TrcileytS) 

Th(i  fh'st  method,  viz.,  that  of  using'  the  tracks  alone  as  con- 
ductors is  not  much  employed. 

The  use  of  t lie  track  and  ground  as  a  return  for  the  coRent 
iH  now  very  generally  employed. 

In  some  systems  the  track  is  divided  into  sections  which  are 
siurossivoly  brought  into  action  with  the  main  conductors  by 
contiu'ts  ofTected  by  the  attraction  between  magnets  carri^ 
on  tho  car  and  contact  pieces  of  magnetic  material  placed  be- 
low tho  surfa<'e.  The  rail  section  thus  temporarily  energized 
IS  ]>lac<'d  in  connection  with  the  motor. 

In  ord(M'  to  ro«j^idat«^  the  speed,  various  devices  are  employed 
t</  vary  Iho  ounvnt  stn»n<rth  in  the  motor  circuit.  These 
devices  consist  i'ssentially  in  rheostats  or  resistances  intro- 
duced into,  or  removed  from,  the  motor  circuit  by  the  move- 
iiKMit  by  hand  of  a  lever  that  forms  i)art  of  the  circuit,  over 
contact  jdates  connected  to  the  i'(»sistance  coils. 

In  ordiT  to  tlian^*'  the  direction  of  the  car,  the  direction  of 
rotation  of  the  elnctric  motor  is  changed.  Tliis  is  effected  by 
some  f«)rm  i)f  revei'sin»r  gear  or  niedianism  that  changes  the 
direction  of  rotation  of  the  motor,  either  by  shifting^  the 
hruslics,  by  chan.i;-in*c  the  iield,  or  by  any  other  means.  (See 
Tcljihrnujc.     Elvciric  Motor.     Rhrostaf,) 

Ray,  Elei'IrU' (See  FishvH,  Electric) 

RnyH,  AotiiiU* (See  Antinfc  Hays,) 

Ren<*tUni  fl^riiioiplc  of  Dynnino-deetric  Ufa* 
<Jiiii€'M. — The  reaction  of  the  li<>i<l  magnets  and  the  armature 
of  a  <lynanio-electri<»  machine  on  each  other  until  the  full  work- 
in;^  current  which  tlie  machine  is  ca|)abic  of  developing*  fs  pro* 
duccd. 
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Wlien  Uicfirmature  offt  aeries  or  shunt  dynamo  commences 
(q  ruUite,  the  diireroncL-s  of  potcptiol  generated  in  its  coils  are 
vrjr  small,  sinco  tlie  field  of  the  magnet  is  bo  weak.  Tho  cur- 
rent so  produced  in  tlie  armature,  hiiwever.drculating  through 
llio  flehi  mof^et  coils,  inoreaK<-t<  the  intensity  of  the  niog- 
iK-tic  Held  ot  the  niai/hine,  ami  this  reacting  on  the  arma- 
lurc  results  in  amors  powerriil  current  through  it.  This  cur- 
ifnt  ivgain  increosrs  the  strength  of  the  magnetic  field  of  the 
machine,  which  again  reacts  to  increase  the  current  strengtli 
c'f  the  armature  coils,  and  tliis  continues  nntil  the  macliine 
1^  producing  the  full  current  it  iH  designed  t«  pi'oduce. 

A  Jynamo-electric  machine  very  rapidly  "  builds  up,"  or 

leaehea  its  maximum  current  atter  xtarting.    The  reaction 

pi'inciplfi  was  discovered  by  Soren  Hjorth,  of  Copenhagen. 

Ren«llon  Tetcphonc— An  electro-magnrtie  telephone 

hich  the  currents  induceil  in  a  coil  of  wire  attached  to 

diaphi'agm  are  |)U8sed  Ihrough  the  coils  of  the  electro- 

let  and  thus  r»a<.:t  on  and  ati-enj^tiien  H. 

BctM-tlon  Wheel,  Eleelrlr (See  Flyer, 

■■) 

Rcndlontt,  Anodlr  and  KiUliudfr (Bee  Kath- 

dieanii  Anodic  Reartiiinn.) 
Rcndhiff  Telescope— {Sci?  Tcle»co}»:.  Rending.) 

BecelTCr,  Harmonle A  receiver,  emphiyed 

synteros  of  harmonia  telegmphy,   containing  an  cloctro- 
rietio  reed,  tuni'd  lo  vihrati!  toone  noteortoneonly.    {Sua 
'tUgraiihu,  //ucmoiiiV.i 

Sec^ver,  Phouoirriiplilr,  Telephnnlr.  (irnpbo- 
loul*.  <Jp«nioplionlc  — —  —  Thi-apiwr-fituFifmployikl 
a  trl<-ph(>nc.  phonojrmph.  (,-riip  ho  phone,  or  j|:rami>|ihaBn 
th«>  ri«pro(luction  t-f  artiniliili'  spceth.     (Srt?  Pluuiugrm 
]Kcclprf>calM.— Thf  quotient  arising  from  divhUlW 
»ny  numhrr, 
Thi"  ri'ciprociil  i>f  4  U  '^  it  ."i5ii, 
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The  conducting  power  of  any  oircoit  Is  eqiud  to  the  i«- 
ciprocal  of  its  resistance,  or,  in  other  words,  the  oondoctiag 
power  is  inversely  proportional  to  the  resistaooe. 

The  following  table  contains  the  reciprocals  of  tlie  nnmenli 
up  to  100 : 

Table  of  Reciprocals, 


No. 

Recip- 
rocal. 

No. 
23 

Recip- 
rocal. 

0.0455 

No. 
43 

Raclp- 
rociJ. 

No. 
63 

Bsdp. 
rocaL 

No. 

tSS. 

3 

0.5000 

0.0888 

0.0161 

83 

aoisi 

8 

0.3883 

38 

0.0485 

'   48 

0.0388 

68 

0.0159 

88 

O.OU0 

4 

0.2500 

34 

0.0417 

44 

0.0337 

64 

0.0166 

84 

0.0111 

5 

0.2000 

35 

0.0400 

45 

0.0333 

65 

0.0154 

89 

aoii8 

6 

0.1667 

36 

0.0885 

46 

0.0317 

66 

0.0153 

86 

0.0116 

7 

0.1429 

27 

0.0870 

47 

0.0218 

67 

0.0149 

87 

0.0115 

8 

0.1250 

28 

0.0357 

48 

0.0208 

68 

0.0147 

88 

0.0114 

9 

0.1111 

29 

0.0345 

49 

0.0204 

69 

0.0145 

89 

0.0112 

10 

0.1000 

30 

0.0333 

50 

0.0200 

70 

0.0143 

90 

0.0111 

11 

0.0909 

31 

0.0323 

51 

0.0196 

71 

0.0141 

91 

0.01 10 

12 

0.0838 

32 

0.0313 

52 

0.0192 

72 

0.0189 

92 

0.0109 

13 

0.0769 

33 

0.0308 

58 

0.0189 

78 

0.0137 

98 

0.0106 

14 

0.0714 

34 

0.0294 

54 

0.0185 

74 

0.0185 

94 

0.0106 

15 

0.0667 

m 

0.0286 

55 

0.0182 

75 

0.0188 

95 

0.0106 

16 

0.0625 

36 

0.0278 

56 

0.0179 

76 

0.0183 

96 

0.0104 

17 

0.0588 

37 

0.0270 

57 

0.0175 

77 

0.0130 

97 

0.0108 

18 

0.0556 

38 

0.0263, 

58 

0.0172 

78 

0.0138 

98 

0.0103 

19 

0.0526 

89 

0.0256' 

59 

0.0169 

79 

0.0137 

99 

0.0101 

20 

0.0500 

40 

0.0250 

60 

0.0167 

80 

0.0135 

100 

0.0100 

21    0.0476 

i            1 

41 

0.0244 

61 

0.0164 

81 

0.0128 

(Clark  db  Sabine.) 

Record,  Gramophonlc,  Graphophoiilc,  or  PhoB- 

ograplilc The  irregular  indentations,  cuttings,  or 

tracings  made  by  a  point  attached  to  the  diaphragm  spoken 
against^  and  emplo^'cd  in  councctiou  with  the  receiving 
diaphragm  for  the  reproduction  of  articulate  speech. 

Record,  Telephonic A  permanent  record  pro- 
duced by  the  diaphragm  of  a  telephone. 


I 

mmpi 


WOftM,  TBBHB  ASD  PRKASKS. 

Tarious  raet.hoils  liave  beim  proposed  (or  telephone  I'ecoriis, 
but  Done  of  tlieiii  have  yet  been  iatroituced  into  actual  com- 
nercial  use. 

Recorder,  Bnln's  Chemical An  apparatus 

for  recording  tbe  dota  and  dashes  of  a  Morse  lele^p^phic 
dkp&lcli,  on  a  sheet  of  cheniiiiilly  prepared  paper. 

A  flllet  of  paper  soaked  in  some  chemical  substance,  such 
as  terro-cytintde  o[  potassiuui,  lit  moved  at  a  unifonn  rat« 
between  the  two  terminals  of  the  line,  one  of  whioli  is  iron 

)ped,  so  that  on  the  passage  of  the  current,  a  blue  dot,  or 
F<3a»1i,  will  be  mudp.  on  the  paper  according  to  the  length  of 
time  the  current  ia  pnAsing. 

In  order  to  ensure  a  moist  tondilion  of  thi'  piiper  fillet  some 
deliquescent   sail,    like 


-  A  BHin  Recorder   is 
nPig.  33«.     A,  is 
^dTtim  o(  brwa,  tinned  - 
I   thi?    outside.      The 

flUet   is   drawn  ""■^■ 

1  the  roll  and  kept  pressed  Jigainst  Ihu  cylinder  A,  by  a 

all  woodi-n  roller  B.     The  needle,  which  iKa  metallic  point, 

[tn  connetrtion  with  one  end  of  the  line  wii-e,  and  the  brass 

*  connected  witJi  the  other  end   through   the  earth. 

«  miwt  be  olKierved  to  connect  the  neeille  point  witb.t 

kitive  nlrrtrodc,  on  otherwise  the  pajior  will  not  be  U 

K  Pain  Rfeoriter  ht  now  almost  t'htirety  ivplaM^tn 
prnr  Soiinilrr, 

Reoonler,  n»r<ie or  nsntp   Kc 

unlomaticnily  I'ecordin^*  Ihn  llota 
jniiihi.'   .liF-piilch.   ..u  u  nllui'tt!^ 


SIS 

iinilfr  an  inilcnting  ur  nitu-kln^  point  on  iiBinldn^  iM 
iH'<-l«d  with  the  nriiiJitiire  of  un  I'lectro-niu^iiet.  

Thu  Morse  ivgiHlurltm  or  rMiinling  »{>partttus  is  sbaw^^E 
Fig.  327. 

Tin-  |jiV{B>r  mict  )Mf«eH  between  a  pair  iil  rolltrrs  r  ilrivMi 
by  lliB  dwkwurk  W.  The  iipiier  roUwr  Is  pruvidcd  i»illi  i 
^rouvu,  su  that  Ihe  dcpnasion  ut  the  stylus  &t  the  bviit  pui] 
of  tJie  lever  L,  liy  the  elpctro-ma^et  M,  inoriivg'  its  arniit- 
tiire  attached  to  th«  lever  ti<  mtiy  inOi^iit  or  emboss  Itie  |ia|<<'r 
llliel.  When  uo  current  is  piissm';.  Ihf  onnnturc  nf  Hit 
inn^ct  «nil  the  lover  L,  are  itruwn  biick  by  (lie  action  of  na 
luljiistMble  spring  nt  n. 


Ill  the  tlmwing,  the  uiihnarj'  Hoi's*'  sounder  in  &liown  un  I]i« 
right.  The  st>unihn-  lias  nlriiost  entirely  roplnc^d  the  rmard- 
ing'  uppamtuN. 

Recorder.  Siphon An  n)>parutii.H  tur  r*- 

■cording  in  ink  on  ji  slieel  of  papor.  hy  inmiUn  of  u  line ghLE> 
■iphnn  su[i|>oi1*iil  on  a.  line  wire,  Ihe  messii^'  rercivml  o 
cable. 

!•  end  uf  tlf  siphon  dips  in  n,  vnssci  irf  Ink.    Tber^ 
retv-ivcd  on  n  fllli<l  of  paper  iiinv«it  iiiecliitiiiuftlly  U 
rtphon.    Tlie  ink  in  diM-liar^  from  the  mpbon  hjf 
(harueji  imimrted  to  the  ink  by  n  frtntic  electric  nifuhl 
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I  In  Ilifi  imni!jn-'a  skptdi  of  Lin-  si|»hoD  nn-orikr,  Fig.  33H.  ii  Imlil 
rmMngvliir  roil  h  b,  ol  very  line  wire,  is  suspenili-il  liy  ,\ 
Bd"  wiri!  //',  botwe^n  tlie  poles  N,  8,  of  &  powertiil  cutii- 

[  pciunil  [icriiiunpnl  nio^ael.  and  moving  un  Uik  vitLu'uI  axis 
a(  the  siippoHing  wii-e//'.  luljiistable  as  to  lonsjoti,  ul  A. 
A  stationary  si>ft   iif>n   ciiri;  n.  la   iiiiij;iii,-tiz.'d    by   iiiiliuaioii 


S]8 
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aUiu-li^  to  b.  iiTid  ia  ihe  opponitR  direction  l)y  "■  i-elraclili.' 
spring  attachptl  to  an  arm  of  llie  hxU  /. 

An  the  paper  is  moVEd  under  tlie  point  of  the  sipbOB 
irregular  cur\'ed  line  is  marked  thei'<>oD. 

Two  recordB  lis  actually  i'et;eiveil  by  u  siphou  recorder  are  1 
shown  in  tlie  Figs.  33tl  and  !J30.  Movementn  upwards  corre-  I 
spond  to  the  dots,  anil  downwurds  lo  dashes. 

Rectilinear  Curr on tM,    (See  CHrrentn.  Rectilinear.) 

ReflecltnK  tinlvHnomelcr.— (S^e  Oahanometer,  Re-  \ 
fleeting.) 

Relloclur,    Parabolic  —(See  Parabolic  Be-  ] 


Hertor.) 
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Fig.  siu. 
Refraction,  Double 

liy  certain  bodies  of  Rplitting  up  by 
passed  into  it,  mto  two  separate 
rays,   and  tlius   doubly   rofnu^* 


ReBeclor*.—  I 

Plane  or  curved  «ur-  I 
fiipes  i.'a.pahle  of  regu-  I 
larly  reflecting  lif 
(See  Pnrabolic 
Jleclorg.) 

■The  properly  ] 

lefl-action  ii  ray  of  liglifj 
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Certain  speciinens  of  calc  spar 
possess  the  property  of  double  retraction.    E^'h  o!  the  t 
rays  into  which  tlie  original  ray  is  separated  is  XK)lari2od. 

RefVvcllon,  Double  Electric The  p 

crty  of  doubly  refrpu^ting  light  acquired  by  some  ti'atiBp»re 
substances  when  plaoed  in  an  cledrostatic  or  eleL-tro-magnet 
field.     (See  Double  Hefraction,  Etee.trie.) 

Reifiitcr,  W^aicliman*»  Electric —(See  Wateh 

man's  Reyister,  Electric.) 

Regl*tcrinit  ApparatUN,  Electric    

vices  for  obtaininjr  iwrniiinent   records  by  eki'tricul   i 
(See  Reeurdi-m.) 
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RvKiilulioit,    Auloiiiulif    — (SuL-      iuliimalif 

\  JO^fjiitation.) 

RelHllvt-  rallbralloii.— (St'f  Culihr-ilfua,  Ahsclnte  n.iii 
I  Keliilifr.) 

Rcla)-  Beil.— <Seei(f«,  Relay.) 

Relay,  nicrophonc (See  Mieropbone  Helay.) 

RelBf,  Ar    Receiving    nagnel.— An  eiertio- magnet 

einplfiyeii  in  Bpitt'iiiM  of  teleg-ru|jhy  pi'ovidect  willi  contact- 

LpoiDte,  pliK'ed  on  a  delicately  Bupporled  arniiiture,  the  move- 

I  Jtusnte  of  which  throw  a  battery,  tilled  the  local  battery,  iutn 

Kor  out  at  circuit,  (or  the  operation  of  the  recording  appanUiis. 


ii>u><l  thi>i><:«iild  Qiii>-r\Ms 
ou  tT'achin^i  «  distiinl  ttiil 
tbuii  atlt-arlinjb,'  a  delk-atd 


1  local  tiaMi-ry  '•>'" 


uch  siualler  currentH  to  he 
■.  since  the  electric  impulBm, 
'it|ulred  to  do  no  otlier  work 
I  ninvoblR  Dnntact,  and  thus, 

■  t  ..f  lilt-  vi.roiving 
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registering.    Its  use  is  espedally  required  ia  the  Mane  ^ystan 
or  telegraphy  in  order  to  cause  the  Sounder  to  be  dotiact^ 

lieurd. 

A  form  of  relay  much  used  is  shown  in  Fi^.  881. 

The  electro-magnet  M,  is  wound  ¥rith  many  turns  of  r&j 
flue  wire.  In  the  form  used  by  the  Western  Union  Telegraph 
Company,  there  are  about  8,500  turns,  having^  resistance  of 
150  ohiiiH.  A  screw  m,  is  provided  for  moving'  the  electro- 
magnet M,  a  sliglit  distance  in  or  out  for  the  purposes  of  ad- 
juHtment  A  semi-cylindrical  armature  A,  of  soft  iron,  is 
attai*hed  to  the  insulated  armature  lever  a,  the  lower  end  of 
which  is  supported  by  a  steel  arbor,  which  is  pivoted  between 
two  set  screws.  A  retractile  spring  S',  regulable  at  8,  is  pro- 
vided for  moving  the  armature  away  from  tlie  electro-magnet. 
There  are  four  binding  posts,  two  of  which  are  placed  in  tlip 
circuit  of  the  electro-magnet,  and  two  in.  that  of  the  local 
battery.  The  ends  of  the  line  wire  are  connected  with  the 
former,  ami  the  receiving  instrument  placed  in  the  circuit  of 
the  latter.  A  platinum  contact  is  placed  on  the  end  of  a  screw 
Fup])orto(l  at  F,  opposite  a  similar  contact,  near  the  end  a,  of 
the  armature  lever.  The  contact  is  regulable  by  means  of 
a  screw  c. 

On  the  the  energizing  of  the  electro-magnet,  the  attraction 
of  its  armature  closes  the  platinum  contact,  and  by  thus  com- 
pleting the  circuit  of  the  local  battery  causes  an  attraction  of 
the  armature  of  the  recei\ing  apimratus.  On  the  cessation  of 
the  curn>nt  in  the  main  line,  the  spring  S',  pulls  the  armature 
away  from  the  magnet,  breaks  the  current  of  tlie  local  battery, 
and  thus  permits  a  similar  spring  on  the  receiving  instrument 
U^  pull  its  armature  away.  Thus  all  the  movements  of  the 
armature  of  the  relay  are  reproduced  witli  increased  intensity 
by  the  armature  of  the  receiving  instrument. 

The  connections  of  the  relay  to  the  local  battery  and  the 
registering  apparatus,  will  be  better  undei*stood  from  an  in- 
spection of  Fig.  333,  which  represents  a  form  of  relay  much 
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iibcd  in  Germany.  The  retriulile  spring/,  in  (■egulukil  liy 
the  up-and-down  movoiu^ntKuf  its  lower  supiHiH,  whJdisliiluH 
In  the  veKJL'ul  pillar  S.  The  line  wire  is  slinwn  at  ni  m,  eon- 
uected  al.  one  end  to  earth  by  tlie  ground  u-ire.  The  regist^r- 
ing  apparatus,  H,  is  i^onui^cted  in  the  circuit  of  the  local  baU 
t«ry  L,  as  siiown.  The  contacts  are  made  iiy  the  end  B. 
of  the  lever  B  B',  attitched  to  the  armature  A,  of  llie  electro- 
lua^et  M  M. 


\  Helay,  Polarlxed  — ■ A  tete^:mphic  relay  provided 

Uh  a,  [lemiuni^ntly  mugnetlEed  armature  In  place  nf  the  aott 
Jon  armatni-e  o(  the  ordinary  iostruiiiofil. 
■  In  the  form  of  polarised  relay  shi>iMi    •-  '  .   -   i-- j, 

I  mafjnet,  whose  tuognetiBm  is  ii'i:  ni. 

iiirth  nnd  xmilh  poleit  al  N  iiiiii  j  Ik.- 

ii  of  tJie  olectro-mapiet  m  ni',  are  (.f -...pi   Fi.m.  uii.i.  .■.HIM' 
||ey  nwt  cm  thii  north  imie  N  i.>f  lln-  {Kmuu  •maX 
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thi'  [Wiles,  brought  very  near  together  hy  tlie  iirinatuj 
II,  h',  will  be  or  the  same  polarity  na  N,  when  no  current  i 
pasmng  through  the  foits  la,  m';  but  when  itHcli  (Turrent  doa 
pBsa,  one  of  lhe»e  polet  becom^it  of  alronger  north  polariti 
ichil«  the  other  ehangeg  Ua  polarity  to  south.  By  this  n 
to-aad'fro  movements  of  the  nrmature  lever  with  its  txt 
[loint  are  effected  without  the  use  of  a  retractile  spriDg 
movement  in  one  direction  occurring  on  the  closing  of  thi 
circuit  through  the  electro-magnetism  developed  by  the  o 


tn,  m',  and  movement  iu  the  opposite  direction,  on  the  losiii 
ot  this  nmgnetisni  on  breaking  the  circuit,  by  the  pc 
magnetism  of  the  steel  magnet  N  S.  These  morementB  a 
imparted  to  the  soft  iron  lever  c  c',  pivoted  at  B.  and  pac 
between  the  closely  approached  soft  iron  poles  at  n, 
lever  rests  at  the  end  c'  against  a  contact  point  when  xaovt 
in  ODe  direction,  and  againat  an  insulated  point  when  movt 
in  the  opposite  direction.  It  rests  against  the  insulated  p 
when  no  current  is  passing  through  the  coils  m,  m'. 
If  the  armature  lever  were  placed  in  a  positioa  exaotif  U 
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;lween  the  poles  n  anil  n',  it  would  not  move  ii(  all, 
»|UIiUy  attracted  by  eiicli ;  but  it  moved  a  litllt;  nearer 
i  pole  Uian  the  other,  it  would  be  attrootcd  lo,  and  reitt 
idnBt,  the  nearer  pole. 

Vhen  alternating  currents  are  employed  on  the  line,  the 
!r  c  c*  mUHt  be  adjusted  as  nearly  as  possible  in  the  middle 
e  spa^M;  between  n  and  n',  in  which  caae  it  will  remain  on 
^  side  to  which  it  was  lost  attracted,  until  a  eurrent  in  the 
e  direction  moves  it  lo  the  other  side. 


The  space  between  -iie  mugnet  poles  n.  n',  and  the  contacts 
of  the  umiature  lever  at  D  and  ly,  are  shown  in  detitjl  in 
Fig.  384.  which  is  n  plan  of  the  preceding  llgiire.  The  bind- 
ing poatt,  for  the  line  buttery  are  shown  nt   L  B,  and  those 

IT  the  local  buttery  at  O,  B.    The  dotleil  lines  show  the  con- 
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Once  adjusted  do  furllier  Kgulatkm  la  requlrad.  In  wUdi  n 
Hpcct,  it  (liRera  very  decidedly  frooi  non-poUwiisd  nli^ 


Reluctaace,  Mivm^Ub  ' 

luettmce.} 


(See  Magnelie  A- 


Rei^eaten,   Teleanv^l' Teregntpfaic  d^ 

vices,  whereby  the  relay,  aouader,  or  ngiBteriag  %pfmnt» 
is  caused  to  repeat  tlie  signalH  reoeived,  by  opeoii^  and  dot- 
ing  another  circuit  with  which  it  i*  suitably  oonuected. 


Fig.siS. 

Reiicatera  areciiiployed  to  establish  direct  communicaUoa 
botwoi'ii  vvi-y  distant  stations,  vr  to  connect  lirancli  lines  to 
tlie  niuiii  line. 

Fit;.  ^^>  shown  Wood's  Button  Repeater.  Thia  ropoatw 
consists  simply  of  a  three-point-« witch  L,  capable  ot  W 


^^^^_^-^B 

^^^H 
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^Bplaced  on  the  iwiiils  1.3  nml  a  :  unH  a  fimiiml  x 

u-ileh  at  4. 

I      The  circuits  aru  iitninged  belwi-en  the  soundere  8 

,  8',   relays 

M,   M',   main  butteries 

. 

K.B.  and  the  two  main 

^ 

Um-a  E  und  W,  in   the                                  ^ 

ni 

1^^ 

munnpr  shown.                   i;^ 

H 

U  Die  lever  L.  is  ia 

BIT" 

the  poHition  shown   in 

Bl 

I.h<!  drawing,  the  lines 

^H 

E   and  W.   (i>rm   inde-        ^ 

li- 

^H  " 

jti'tidont  circuits.                  H 

■     - 

19  ^ 

It  the  ground  switoli          e« 

. 

Egr*--F' 

i     la    closod,    and    tlie 

^g  J." 

\ever  L  is  plac«il  on  2, 

■J.  Ihe   (utstcm   lino  re- 

'ir* 

. 

Wy 

peats  into  iJie  western.               V               X   Al 

If  Iht-  kveri.  ispliu^^d                   \^         /\ 
on  the  plates  8,  3,  the   ^                       ^X           s 
western  line  repents    g                    /'^^ 
into  tlie  eastern.                            ^^            ">.^ 

<' 

^x 

This  repeater  ia  non- 

f      iauc    N- 

^"^ 

HT 

B~ 

worked  in  but  one  di- 

HH 

m  ^- 

1  .-iljon ;  niorevcr,  it  re- 

S     tr. 

<  (Hires  the  services  of  an 

'- 

i©^ 

rS       ■ 

Litiendont 

" 

^b 

>         1 

The  autontatjo  re]  leal  - 

^H 

■ 

ir  eun   lie  operated  in 

^B 

■ 

liothdirei'tionH,  and  ills- 

■ 

l->n(««   Willi   the  con- 

4 

^H 

^        ■ 

irt«nlBer%-)c.f«<,f  uuul- 

^r        t 

wBi\           ^1 

Hlwdant  ut  the   r<'|H'.it- 

^By  Btalion.                                      ^^ 

1 

^knwndlni:  u                           ^^^^^^ 

^^Bougli                            1    -lul^^^^^kj^m 

{«.l  «o  as  to                 H 
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to  itiQV(>  baclcwards  and  turwards. 

In  ITMuf  Automatic  Button  Repeatur.  shown  in  Pig.  Stt, 
the  switch  or  <;irciiit  changer  is  automntic  in  its  uc-tian. 

The  i-elay  magnets  are  shown  at  M,  M',  the  sound«Mii  at  B, 
Hiiit  R':  Z./.m-i.' platinum  ci^ntacts  operated  tiy  teven  I 
ami  h  and  1/  are  Erfru  Loivil  Magnetg,  that  aol 
placed  directly  opposite  tlio  armatnres  of  the  relay 

Tlie  eitm  locdl  iria^n"^  I- '"  'i* 
out  ot  the  eirouit  of  B',  the  £ztra 
Local  Batlrry,  when  the 
cuit  is  brakea,  and  the  armature  ■ 
in  contact  witli 

happens,  however,  tti0  ^ria^  4 
wing  away  the  amiatura,  a 
I  thus  opening  the  shnrt  irln-ult 
no  resistance   between   a  and   a, 
BstablisheH  a  eirpuit   tlirougti  L. 
On  a  coming  in  contact  with  e, 
the  circuit  is  u^ain  brok«ji.    H1I 
tension  it  the  spring'  a  is  so  ri^ 
lutDi)  that  a  very  rupid  vibnitiaQ 
of  a  ia  so  constantly  malDtaitHHl^ 
thut  it  is  impossible  to  closo 
main  circuit  when  L   is  not 
out.    The  armattirf  a   will  tb 
fore  respond  to  very  w«ak  imj 
of  the  reliiy  magnet. 

Oil  Uroaking  the  irfntern  mai 
cirruit  N,  the  lever  a  viliratc 
(if  the  e□undl^r  R,  llrrt  brask 
the  circuit  of  L,  and  urterwartls  that  of  tlip  eiutem  mail 
tircuit  E,  whi<h  )>a!wps  though  M.  Bt>th  L'  and  M'.  b« 
ing  broken,  a  Hlight  tension  of  «',  will  hold  a,  in  jAtum,  Utii 
avoiding  th<<  bri-akiiig  o(  Ihn  wtstt^rii  main  i-irciut   lhniU|^ 


verj'  rapidly.     The  levet 


Ihe  cloaing  of  the  local  circuit  through  R.      On  the  cloaing  o( 
lh<*  western  circuit,  the  reverse  ot  these  openilions  octjur. 

The  author  has  taken  the  above  explanation  inainjy  from 
Pop^i's  work  on  "  Modern  Practice  of  the  Electric  Tele- 
jjraph." 

Beplenlslier,  Thomion'i ^A  Rlatic  inAu- 

ence  machine  devised  hy  Sir  Wm.  Thomson  for  charging;  the 
quadrants  of  his  quikdrunt  elei^tronieler. 

Two  brass  cari'iera  C  and  D,  shown  in  Fig.  837,  are  ec- 
centrically fixed  to  the  end  of  the  vulcanite  rod  E,  wiijch  is 
capable  of  rotation  bj-  the  thumb  screw  at  M,  in  the  direction 
shown  by  the  arrow.  Hollow  metal  half  cylinders,  A  and  B. 
act  as  inductors,  a  strip  of  brass  fixed  around  the  edges  of  a 
pieccofvuleanit*P,  connecting  the  metallic  springs  Sand  8',  na 
shown.  The  action  of  the  replenisher  is  readily  understood 
from  the  following  considerations,  as  suggested  by  Ayrtou  in 
^hta  ■'  Practical  Electricity  "  : 

I     A  and  B,  Fig.  338,  are  two  insulated  hollow  metallic  TeHsi<ls 

P  Imving  a  small  difference  of  potential  between  them,  A,  being 

tbe  blgher.     C  and   D,  are  two  small   uncharged  conductors 

held  bj  insulating  xlrings.     It  C  and  D  be  held  near  A   and 

Bi  M  shown,  tlie  potential  of  C  will,  by  induction,  be  raised 

■OtDOwhat  above  that  of  D.  so  that  when  connected  by  a,  cuu- 

lidiiotor,  eucli  as   Ihe   metallic   wire  W,   a  small   <iuantily   of 

■positive  electricity  will   How   froin  C    to   D.   thus  leaving  D 

■Jlivelj.  and  C  negatively  charged. 

,  If,  now,  O  and  D,  are  removed  from  W  and  placed  in  the 

1   of  B  and  A.  as  shown  in  Fig.   389,  the  difference   of 

tnti&l  between  A  and  B,  will  be  thereby  increased,  and  if 

i  then  withdrawn,  and  totally  discharj^ed,  and  again 

in    the   Brst    position   shown,   an   additional   charge 

e  giv^n  til  A  and  B,  and  this  can  he  repealcil  us  often  as 

a  replenisher,  A  and  B  correspond  lo  the  vesKelii  A 
J  the  bm»s  larripi-n  C   iind  II.  to  Ih."   hiills  C   jind   O, 
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anil  Ihe  KpHngNM,  ami  H,  to  the  wire  W.    No  iafUal  ciurgr 

tiiwsl  be  givi-n  to  A   ami   B,  einiw  Iht^jr  aro  invariabljril 

til  Iw  lit  u  siidlcieut  iliflerence  of  potential  |o  bui"     ' 

tliiu-gc. 
Rcilduul  AlnMiaplierv, — (St^u  AtmiiaiAere 
Rrxiilunl  Churgv.— (Sec  Chnrfjc,  Hcnittttat.) 
RcMlduul  3lBt[n*^ll"ni-~'^h«  magn^^liHni   remaining  in 

Mir-  core  ot  im  flpi'lro-mot'ni'l  on  Uio  opening  i.f  llie  ntu^vtis- 

>"e  circiiiJ. 
Rvtln. — A  ^npnil  t«nii  uppUtMl  to  ut  x'arit'tjr  ot   dried 

juii^ce  of  vegctAbIc  orig^in. 

Rvsins  ar*.>,  in  general,     tiiitiM parent,    iiitlaininAbla  i 

Buliible  inalcoliol,  itml  are  non-f«iKiui't*..rs('r«'lL-olricity.  jl 

isuneot  Urn  varieties  ot  reslii. 


Ptg.  33a. 


n^.  an. 


RCHlnoua  RIertrlrlty.— A  lenn  funnniy  cntplq 
plui'i'  of  nt-'Kalivi-  electricity. 

11  wan  at  one  timo  believpj  tliat  all  nwinui 
nei^tively  otui'triiled  ti^  frit'tioii.     This  wi'  aotr  i 
I  tintnir,  tho  nnttim  of  (J<wtril)t3>itton  ilnpnnding  ■ 
t  the  I'liamcter  of  tlio  nibbpr,  aa  on  tliL"  cliaracti^r  < 


rubliuU.  Thu»  resins  rubbed  with  cotton,  flannel  or  silk,  be- 
come negiitively  excited,  but  rubbed  with  sulphur  org-un- 
cottou,  pogitively  escited.  Tlie  terms  positive  and  ncgdlive 
are  now  exulusively  employed. 

Rp«ht«ncc  Box.— A  boxconlntninganumberof  coilaof 
known  reiiistanue!)  eniployi-d  for  determining  tlie  value  of  un 
unknown  rcaistonoe.  {Sett  Bni;  Resintan'^.  Balance,  Eltclrie, 
Bi\r  Form  of.) 

RcrIhIrUcv  Coll, — A  coil  of  insulated  wire  of  known 
(■esistjvni'e  doubled  on  itself  iHtfore  winding,  bo  as  to  oeutrnlize 
ttH^  external  elTii'ts  of  its  own  m.-ig-netic  field.    (See  Coli»,  Ee- 

Ke*l>ilancc    Coll,    §landard A     coil 

tlic  resistance  of  wliicli  is  that  of  the  atandard  ohm. 

Tli^  BlAudanl  ohm,  us  issued 
by  Uie  ElMAricStundui'dsCoiti' 
[tt(^e  of  England,  has  the 
shown  in  Fig.  340,  The 
-ca/n  of  wim  is  formed  of  an 
iilloy  of  pltainum  uiid  xilvvr, 
insulated  by  silk  eovyring  and 
uicEtcd  pamtllni'.  Its  ends  m-<: 
aoUUttt]  to  thirk  wpiier  rods 
f',  for  ready  conrieilion  with 
iry  C!U|)S.  Till)  iiuil  is  at 
The  sptto«  abovd  it  nt  A  is 

with   iianunn,  i-xcepl  itt  Fig.m. 

ii]H'ninK  f,  which  ifi  provided  Tor  the  insertion  (i(  a  ther- 
imeter 

latnnrr,  Rin'rl  of  nenl  on  GIvMrlc 

■Jy  uJl  nietallii'  oomhictora  Imvn  their  electric  resista.Di'e 
!HBKd  by  an  increase  ol  1e 
"hecaritoni'onduftorofani-ii-clrir  iiii'.iiiiliai-i.>nllftnij 
itnuy,  h**  ill  roHiHtanci-  'i 
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tncandescenoe.    The  decrease  amoimtB  to  lihnnt  f hmn  ffefittii 
of  its  resistance  when  cold. 

The  effects  of  heat  on  electric  reaifltanoe  may  be  sum- 
marized as  follows : 

(1)  The  electric  resistance  of  metallic  conductors  incrcisoai 
as  the  temperature  rises.    (Carbon  is  an  exception). 

(2)  The  electric  resistance  of  electrolytes  decreases  ssthe 
temperature  rises. 

(8)  The  electric  resistance  of  dielectrics  and  non-oonductoit 
decreases  as  the  temperature  rises. 

Resistance  and  Conductivity  of  Pure  Copper  <it  Different 

Temperatures, 


CentigT^de 

Centigrmde 

Tempera- 

RcsisUnco. 

Conductivity. 

Tempera- 

Resistance. 

ConductlTitf. 

tare. 

ture. 

0** 

1.00000 

1.00000 

16* 

1.06168 

1 

.94190 

1 

1.00381 

.99624 

17 

1.06563 

.93841 

2 

1.00756 

.99250 

18 

1.06959 

.98494 

3 

i.oiia5 

.98878 

19 

1.07856 

.98148 

4 

1.01515 

.98508 

20 

1.07742 

.92814 

5 

1.01896 

.98139 

21 

1.08164 

.62452 

6 

1.02280 

.97771 

22 

1.08553 

.92121 

7 

1.02663 

.97406 

23 

1.08954 

.91782 

8 

1.03048 

.97042 

24 

1.09865 

.91445 

9 

1.03435 

.96679 

25 

1.09?68 

.91110 

10 

1.03822 

.96319 

26 

1.10161 

.90776 

11   - 

1.04199 

.95970 

27 

1.10567 

.90448 

12 

1.04599 

.95603 

28 

1.11972 

.90118 

18 

1.04990 

.95247 

29 

1.11882 

.89784 

14 

1.05406 

.94893 

80 

1.11782 

.894J7 

15 

1.05774 

.94541 

(Latimer  Clark,) 

The  following  table  from  Matthiessen^s  measurements  gives 
the  relative  resistances  of  equal  lengths  and  cross  sectiuu^i 


^^^'^H 

l^^^^l 

^^HH^^^^H 

l^^^^^^^^^l 

WORIIS,  TKRMH  AND  PlIKASES.                             581                 H 
stances  are  chemically  pure.                                                                             ^M 

NlXE!  Of  H>T*1.. 

Rrlitlvu 

a^u^'tn     1    '^^*"«'-'='i- 

Copper,  annealed 

Silver,  hard  drown.... 
C\ijip.'i,liiird  drawn... 

i;..|>l.  li,,i-.i  dmwn 

Miirtuiiii snnealiHl. 

Zir,.'.    iir-sswl 

Iron.  ann<;ded 

Nirkel,  annpaled 

1.504 
1.598 
1.034 
1.684 

a-iwe 

2,0M 

*j.9ia 

5.636 
9.0.17 

e.7i« 

12.47 
18.31 
19.63 
30.03 
HCIJO 
M.V3 
181.3 

0.5021 

o.«airj 

(}.6438 
0.6433 
0.8103 
0.8347 
1.14T0 
3,31.1 

n.mr, 

4.907 
6.203 
7.73H 
8.240 

I3.9» 

87.15 

!51.65 

1.063 
l.OWl 
1.08(1 
I. SOU 
1,983 
1.835 
8.741 
0.023 
6.460 
8.38S 
8.7«4 
IB.05 
18.93 
23.60 
63.73 
H7.28 

t«Etd.  jirMwcd 

German  Silver 

Antinionv,  nrtwiacd 

MertTirj- 

^ft  .                                                                            (Affrtan.)                ■ 

H/ KeiiMlaDVe.  GlTclrlr The  rulio  between               H 

^■b  eleclrii-molive  [on-e  ul  a  iircuit  anil  the  ciirrt^nt  that              H 
^^KuM  therrin.                                                                                   ^M 

^^EltrdlKl  M  tlial  vrliirli  (i;ijH«(r«  or  rcHi»f)i  lli<;  |i;i»S(lgo  oC  tll«               ^M 
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current.    Strictly  speaking,  howeyer,  this  Is  not  truw^  ■soi 

from  Ohni's  law  (See  Ohm^a  Law\ 
E 
C  =  — ,  from  which  we  obtain 
R 

E 
R  =  — ,  which  shows  that  resistanoe  is  a  ratio  between 
C 
the  ok'ctro-motive  force  that  causes  the  current  and  the 
currtnit  so  produced. 
Ri>.sistau(M3  may  be  expressed  as  a  velocity.    The  Himofigfnnn 

of  ivsistanco  in  terms  of  the  electro-magnetic  units  are 

L 

^~"  • 

T 

(Soo  UnitSf  Electro-Magnetic,)  But  these  are  the  dimensions  of 

a  velocity  whicli  is  the  ratio  of  the  distance  passed  over  in  unit 

tiiiic.    Rosistiincf  may  therefore  be  expressed  as  a  velocity. 

*'Th(^  resistance  known  as  *  one  ohm'  is  intended  to  be  10* 
absolute  electro-niag'netie  units,  and  therefore  is  representetl 
l)v  a  velocity  of  10»  centimetn^s  or  ten  million  metres  (one 
eartlwiuadi-ant)  per  second" — Sylvanus  Thompson. 

Hesislance  may  be  represented  by  a  velocity,  one  ohm  being 
tlie  resistanc*e  of  a  wire,  which,  if  moved  throug^h  a  unit  field 
of  force  at  tlie  rate  of  ten  million  (10*)  centimetres  |H^r  second 
will  have  a  current  of  one  amj^re  generated  in  it.  (See  Ohmie 
lieHisfmu'c.    Spm^ioua  Resistance. 

The  luiit  of  resistanct;  is  the  ohm.  Its  true  value,  as  has 
been  shown  hy  car«jful  mejisurements,  is  not  exactly  equal  to 
lO**  centimetres  per  second. 

RcMlHtanee,  Electric oriilqulds, — The  resist- 
ance offered  hy  a  liquid  mass  to  the  passa^  of  an  electric 
current. 

As  a  rule  the  electric  resistanoe  of  a  liquid  is  enormously 
higher  than  that  of  metallic  bodies,  with  the  single  exception 
of  mercurv. 

To  determine  the  resistance  •f  a  liquid,  a  section  is  talren 


bi.'twpi_'ii  two  parallel  mptallic  plates  A  and  B,  PMj?.  Bil, 
placed  oa  shown  in  tin?  figure,  and  an  oleotric  ciiri'ent  in 
pasaetl  tietwnen  them.  In  order  to  avoid  thi>  eifi-ct  at  a  »pur- 
iou*  rrmgtanee,  duo  to  n  eoiinter  elertm-motive  fnrce,  it  Is 
necessary  to  use  platm  at  A  and  B,  of  niptals  that  are  not 
noted  on  Hiemicnily  by  llii!  liquid  ontlie  poaiHigo  of  Ihi^  current. 
(See  Cimnter  Elertro-Motioe  Force.  Spurintu  Rrsiitanee.) 
la  order  to  more  accurately  vary  tlie  size  ol  the  jilates 
immersed  in  the  liquid,  and  hence  the  area  of  cross  section  of 
the  liqiiii]  oonductor,  an  well  aa  the  distance  between  the 
plati-s,  th«'  apparatu.'!  shown  in  Fig-.  342  may  be  used,  in  wliicli 
thtist!  (listancea  ai'e  readily  adjustable,  as  sliown. 

KcHlHlttuce,  nuKnellc (See  Magnetic  Resintancr.) 

Kcslsiance,  newturemcnl  of Metliods  em- 

^      _  plnyi^d  for  determining  tlie  reajalancc  of 

any  circuit  or  part  of  a  circuit 

NiimeiMiis  melhods  are  employed  for 
this  purpose.     Ami)ng  these  are : 

(1)  The  use  of  a  KcsistiLnce  Box  with  a 
Wlieatstone's  Bridge,  by  opposing  or  bal- 
ancing,' the  unknown  resisUince  against  a 
known  reaistunce.    (See  Balance,  Whfat- 

(3)  WiUi  the  Differential  Oalvantmnter. 
(See   Giilcanotiiflrr,  Diffrrentiiil.) 

(8)  By  the  Method  of  SulintilHtion. 

(4)  By  a  Comparison  of  tlie  Dejtections 
j^o/a  Oalvanometer. 

^^f     Melhoil  vf  Sabntitiition — A    resistance 

box  It,  Fig.  84fl,  galvanoruuler  G,  and  the 

^"  -~~  resistance  x,  that   is    to    be   miwsured, 

Fig.  ttl.  are   placed   in   the   direct  circuit   of   the 

Lbattery  B  by  means  of  conductors  of  such  thick  wire  that 

tbejr  resistance  can  he  neglected.    The  deflection  of  Ww  gal- 

uininplr*r  in  lli-st  invusuceil  with  js  in  circuil,  and  no  resist- 
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aiiuc  ill  the  box  li.  Tlie  resisUuco  ic  is  tliea  cut  uul  of  ilial 
ciiri'uit  by  i>laciii^  u  tliick  (upper  win>  across  the  Icniiiadls  otM 
the  mercury  cups  ul  m.  in',  and  resistiincKi  unplugged  in  R,M 
unlil  thi!  sauic  cJellevtion  is  obtuined.    Then,  (/  Ihe  ctecirO'M 


Fif.su- 
nuitive  force  of  the  battery  lias  remaineil  comfant,  the  resist- J 
aiices  unpiug-ged  equal  the  unknown  resistttncu. 

For  full  description  of  the  various  inethods  ot  deteriuiuiuj 
resislaace  the  reader  is  referred  to  '■  Ayrlnn'ii  Praetiral  Eliv 
Irici'ly."  "  Kempe'i  Handbook  n/  Tetling,"  or  olhtr  stuiidarlfl 
elix'trioal  books. 

Be*lHiaiice,  Ohta>l 

Ic (Ho, 

Okmif  HffiitlrinevA 
BcMslaofe,  l>pur>l 

lllUM (SoftW 

SiiiiriniiM  fCi-itigtanfe.)   F 
Realalunvr,  Tub-I 

le«uf —  Tttblnsia^ 

JTit/.iui.  whirh  Ihr  nslslwiice 

eijiiiil   lengths  nnd  ci-obb  Kectioiis  of  different  substiim 
.  given  in  u/iiiis,  or  other  units  of 


^H 

^M 

■ 

1 

^ 

^^^^^^^ 

M 

REfilSTANCE 

■ 

^ 

llfm»tanre  of 

H'iVm  of 

Pure   Annealt\l    Copprr  at  0"    C.         1 

(Den»itg  =  S 

''.) 

I 

i 

=  -^- 

III! 

Copiwr  It 

o-c. 

Olrnia 

Mi^trea 

Obn» 

^'M 

KiloS««. 

O^.. 

Kao^mmt. 

5 

175 

5.T 

.8 

1330.5 

.mva 

4.4 

185.38 

7.4 

1.06 

944.38 

.00784 

8.0 

106. S5 

9.5 

1.35 

733 

.0I3» 

8.4 

80.8 

13.8 

1.80 

5S3.93 

.0322 

S 

OS.OS 

16 

3.3 

489.07 

.0365 

S.7 

61 

19.8 

3.8 

855.85 

.0557 

3.4 

40.33 

35 

8.6 

381 

.088 

a.a 

88.83 

39 

4.8 

286.08 

.138 

i 

87.96 

8« 

5.1 

195.15 

.185 

1.8 

33.7 

44 

6.8 

158.08 

.378 

l.« 

17.89 

85 

8 

134.9 

.448 

i.a 

18.75 

68 

9.1 

100.75 

.874 

1.4 

18.7 

73 

10.5 

95.651 

.763 

.8 

11.84 

85 

IS 

83.43 

1.08 

.3 

10.08 

100 

14 

70.347 

1.43 

.1 

8.47 

lie 

17 

59.024 

3.03 

6.99 

144 

30 

48  783 

3.85 

.0 

0.S6 

178 

SS 

39.515 

4.19 

.8 

4.47 

325 

S3 

31.235 

7.31 

.7 

3.83 

394 

4& 

23.9 

13.8 

.6 

3.82 

400 

57 

17.56 

33.78 

.3 

1.74 

576 

81 

13.305 

46.81 

.4 

1.175 

908 

133.4 

8. 173 

lt0.4l 

.84 

.808 

1351 

177.0 

5.623 

282.55 

.8 

.7181 

1807 

338.5 

4.377 

367.3 

.34 

.4036 

3S08 

857 

3.801 

805.36 

.8 

.3797 

mi 

814 

1.945 

1.S57.6 

.18 

.179 

5590 

803.1 

1.345 

4.489 

.18 

.1007 

0039 

1438 

.7 

14.179 

.1 

.0600 

143«e 

3086 

.486 

39.549                  I 

.08 

.0447 

34570 

8318 

.811 

78,048                  I 

.00 

.0383 

39834 

5713 

.173 

237,516                  I 

.M 

.0112 

88878 

13848 

.078 

1,142.406                I 

^ 

ih 

^ 

Hngpttatitr.)        ^ 

H  niCTKWAST  W  BLECTRK-Al. 


(i/  I'oiKturling  Piwers  nnil  HesigloucPM  in  tiliins. 


ssfc 


Hidm.  H 
Le*d,pi 


MwcnTjr,  llguld 

PliUnam-iilTer,    il 
loj'.hsrdoraiiiKAle 


»a 

= 

»l 

=1 

ll 

I 

;l 

5  Si 

, 

It 

III 

l5| 

"*    5 

«n< 

0  15M 

flws 

fi 

a*s 

S.KII 

143. as 

o.suo 

«sa 

i.8eo 

m.B 

o.ane 

0 

3tl 

1.168 

M.IO 

0.1S9S 

0 

p 


When  several  resiBtanees  are  placed  in  series  in  »ny  oil 
by  measuring  tlie  difTereoce  of  potential  at  their  ti>ri 
their  values  can  be  determined  by  Gimple  culcuJation, 
directly  proportional  tu  theoe  dilfcrences  of  poteutiaL     ' 
method  in  especially  applicable  to  the  measurement  of  i 
low  resistances  as  the  armatures  of  dynamo  electric  maichi 

ReBDiUuil.— In  mecliank^,  a  single  force  tliat  repi-et 
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■dation,— A  decrease  \a  thi^  speed  of  l«le^raptiic 
t  Kiused  liy  the  iuiluuUoii  of  lliu  line  conductor  on 
I   Itie   Jaductiuii   between   Jt  imd   iieighbonng  cou- 

Uoo    in    dijiiniiliii^;  la    produced   by   thn    following 

)  Self-Induetion   which  produces   extra  carrentt.      (Hee 
Setf-Induclum.     Curivnta,  Extra.) 

Tlie  exb*a  current  on  muking:,  retards  the  beginniD^  of  llie 
rigiial,  tuiil  t)teextriLcurrentonbreakiDg,retai-dHit«»luppLng. 
H)  U uluaUnduetum  heiv/i^ea  the  lino  conductor  and  tiPigh- 
coniUictors.  The  line  must  receive  a  certain  churge 
ti  current  itont  into  it  ut  one  end  can  produce  iieignutat 
■  other  end.  This  charge  wUI  depend  on  Uie  len^'th  and 
e  of  the  wire,  on  its  nelgliborhood  to  the  eurtli  or  other 
and  uD  the  n»ture  of  tho  insulating  material  between  it 
li  nei(;liborin)f  conductor.  Tliis  results  in  a  vharge  given 
I  wire  which  h  lost  as  a  current  for  signaling.  The 
greater  the  electro»tatie  cnpaeity  of  Uin  line  wire,  the  gi'ewler 
will  be  the  retunliitian  in  signaling.  (See  Capacity,  Specific 
Induclii'f.    Dirlectric.    BlectrvstaHe  Capacity.) 

e  Miigrtftie  Itierlia  or  Lug,  or  the  time  required  to 
ize  or  deiiiagnelize  the  core  of  the  electro-niugnetio 
'«  dnvicea  used  on  the  lini<. 

itlvllf ,  IHasnetlc A  term  propoBed  by 

n  pluce  of  eiiercivc  farce,  or  the  power  possessnd  by 
pietixahle    siibstnnce    of    resisting    magnetization    iir 
(See  CtKTcire  Force.) 
rtarn  Hlio4-k  itr  Stroke,    (See  Hack  Stroke.) 
•renc  InilurctI  Cnrrenl.— The  current  produced  by 
circuit  lit  tlic  tuoinenl  of  completing  the 
n  Cnrrrnl.) 


I 
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KerenlniE  Gear  of  Electric  Holor. — Apparaliial 

revel-sing  the  dire<;tioQ  of  the  current  througli  un  decti 
niLilor,  aud.  cumiequeutly,  the  direction  of  its  rotation.  (8 
Hailroad  or  Railway,  Eleclric.} 

Bcvcrsing  Kor^^Bee  Key,  Reversing.) 

Rhvochord. — (See  RhtoaM.) 

Rlieomelcr, — A  term  Formerly  employed  for  any  deri 
tor  ni'uisuriDg  the  Rlrent^li  of  n  current  (Now  obsolete  tu 
replaced  l)y  the  word  Oalvanomeier.) 

Bheomolor. — A  term   formerly  employed  to   ( 
any  electric  source,  {Now  obsolete  and  repluced  by  the  vi 
names  oF  the  diffei-ent  electric  sources.   (See  Source,  EUeMe 

Rtaeoptiore. — A.  term  formerly  employed  to  indjuot* 
poi-tion  of  a  circuit  conveying  a  current  and  capable  of  defle< 
ing  a  magnetic  needle  placed  neur  it.     (Now  obsolete.) 

Rhoo§COpe,— A  term  Formerly  employed  in  place  of  tb 
present  word  Galvanoscope,  for  an  instnimeDt  intended  ll 
show  the  presence  oF  a  current,  or  its  direction,  but  not 
measure  its  strength,     (Now  obsolete.) 

Rheoitat. — A  term  signiFying  any  adjustable  resistani 

A  rheostat  enables  the  resistance  to  be  brought  to  &  atan 
i.  e.,  to  a  Hxed  value  ;  hence  the  name. 

The  term  rheostat  is  applied  generally  to  a,  readily  variabll 
resistance,  the  varying  viUues  of  which  are  known, 

Rbcoalal,  Wtacatitono'i A  form  of 

ratus  sometimes  employed  for  an  adjustable  resistance. 

Tliis  apparatus  is  very  seldom  employed  in  accurate  wen 

The  parallel  tylindei's  A  and  B,  Fig.  844,  are  respectively 
conducting  and  non-conducting  niatenals,  the  bare  wire  i 
which  can  be  woinid  from  either  cylinder  to  the  other.   Wlw 
introduced  into  a  circuit,  only  the  resistance  of  the 
of  the  wire  on  B  is  introduced  into  the  circuit,  since  tl 
wire  on  A  is  short  cli-cuited  hy   Uie  metallic  cyhnder. 
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rllensbit  u  s^tUoin  eniployeii  in  wcurutf  iDi-ivtufenieuts  ow- 
ing lu  the  difficult  or  iDVariably  obtaiaing-  reliable  conUctc. 
RtaeonlAllc  Maclline.— A  mat-liine  devised  by  Pluut6  in 
wliii'h  LfintiDiiouH  static  effects  of  coDside ruble  inlcnsity  ai'e 
nbtained  by  charging  a  number  of  cnndenHera  in  multiple  arc 
Mid  discliarging  tiiem  in  roHps. 

The  oondensers  arc   chargeil   by  conneclirig  llii'Ui  with  a 
nuniliur  of  secondary 
OP  stonig:i]   batteries- 
Bbcotoaii'.— A 
formerly   em- 
loj'ed  (or  uny  device 
means  of  which  a 
circuit uoulU  be  pi'ii- 
otlicaUy   intemipted. 
(Now  obsolete  and  re- 
placed by  Inlemtpt- 
wO 

Rbeotrope.  ~  A' 
term  formerly  em- 
ployed for  any  device 
by  wliioh  tlio  current  ^-  ***■ 

_«oiild  he  reveraed.    (Now  obsolete  and  replaced  by  Commuta- 
r  Current  Rrmiraer.) 

llfSOieD«. — A  volatile  hydro-carbon  obtained duringthe 
itilluUun  of  coul  oil,  and  erajiloyed  in  tlie  Hashing,  or  treat- 
it  of  carbons.     (See  Fla»hing  of  Carbons.) 


I  of  CftmpHBS,— The  thirty-two  points  of  the 

LTiners'  oontpasa.    (See  Pnintu  of  Ctnnpaas.) 

',  AlvleculBr  — Resistance   offered   by 

e  iiiolccules  of  a  Bubatance  to  rotation,  or  displacement. 
e  niolwiilar  rigidity  of  a  iiio^etisoble  subxiiuice  is  now 
y  cunsidcred  to  be  the  cause  of  differences  ol  eoercioe 
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force,  oi*  viagnetic  retentivity,  (See  Coercive  Force,  JMeii- 
tivity.  Magnetic.) 

Rings,  IVoblll'ii (See  Metall€H:hromes.) 

R€>ds,  Eiiiphliiliifr (See  Lightning  Hods.) 

Rotation,  Electro  Magnetic (See  Aecumti' 

lator.    Disc,  Arago'a,    Disc,  Faraday's,    Motors^  Electric) 

Rotation,  ]IIa9net€M>ptle (See  Magneto-  Optic 

Rotation* 

Rubl^er  of  Eleetiieal  Machine.— A  cushion  of 
leather,  covered  with  an  electric  amalgam,  and  employed 
to  produce  electricity  by  its  friction  against  the  plate  or  cylin- 
der of  SLfrictional  electric  machine.  (See  Machine^  Frictional.  \ 

Ruhmkorfr  Collfi. — (See  Induction  Coils.) 

toddieii,  Teiciraplile Brackets  placed  on  the 

top  of  telegrapli  poles,  for  the  support  of  the  insuiatoi's. 

Saddle  brackets  are  usually  employed  for  the  wire  attached 
to  the  top  of  a  telegraph  pole.    (See  Poles,  Telegraphic.) 

Safely  Cateli,  Safety  Bevlee,  Safety  Fuse,  Safety 
Plui[  or  Safety  Strip  for  Multiple  Circuits.— A  wire, 
bar,  plate,  or  strip  of  readily  fusible  metal,  capable  of  conduct- 
ing, without  fusing,  the  current  ordinarily  employed  on  the 
circuit,  but  wliich  fuses,  and  thus  breaks  the  (Circuit,  on  the 
passage  of  an  abnoi*mal  current    (See  Lamp,  Incandescent.) 

Safety  ]>e¥lee  for  Arc  liamp,  or  Series  Circuits.— 

Mechanism  which  automatically  provides  a  path  for  the 
current  around  a  lamp,  or  other  faulty  electro-receptive  de- 
vice in  a  series  circuit,  and  thus  prevents  the  opening  of  tlie 
entire  circuit  on  the  failure  of  such  device  to  operate.  (See 
Lamp  Arc,  Electric.^ 

Safety  lAmp,  Electric An  incandescent 

electric  Irmp,  with  thoroughly  insulated  leads,  employed  m 
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es,  where  llip  explosive  effects  of 
ace  to  Iji-  reared.  SurJi  lamps  are 
[lortable  battery. 


«,  or  oitier  Kimiiar  pla< 
I  readil;  ignltubli;  Hiibstuiv 
totten  diret.'tly  attat^bt^il  ti 

Salla,  EIe<>lroI)'iil«  or The  decompo;*itJOD  of  a 

L'salt  into  Its  elRdro  positive  and  negative  radicals  or  tow*. 
l'{See  Eltefrdyais.) 

SHiurallon,  magnetic  - — —The  maximuni  mag- 

[   nelization  winch  cnit  be  inipai  Led  to  a  inogDetiu  subnUince. 

In  mn  elpctro-ma^net,  stidi  a  ik'f^i'oe  of  majniotizntion,  that 

any  farther  inci'cnHQ  of  the  magneilKing  current,  increases  the 

magnetic  intensity  only  to  the  compnratively  email  extent  o[ 

.     the  incrense  of  the  magnetic  field  due  to  tlie  current  itseH. 

L.  (See  MagnFlic  Saturation.) 

I  Scratch  Brash.— A  brush  lurnished  with  metallic 
I   bristles,  and  employed  for  cleansing  the  surloces  of  metallii; 

■  «bj«cl8  prior  to  (lieir  bein^  el ^'ti-o- plated, 

I      Screen,  Melhven'»  SianilHrd — {Si?e  J/ef  Accn'H 

w  Standard  Screen.) 

m     Screen    or   Shield,    Elerlrlc A  dosed  con- 

■•Juctor,  placed  over  a  charged  botly  loscwen  or  protect  it  frotr. 

■  tlie  pffecl"!  of  external  eleilrostntie  field". 

I  The  ability  o[  a  closed,  hollow  conductor  to  act  as  a  screen, 
KuisOB  from  the  fatt  that  all  points  on  Its  inner  surface  aie  ut 
Vlhe  same  pol4.-ntial,  itnd  therefore  are  nut  affected  by  an  tn 
BcreaseordiwreBsn  in  the  potential  of  Ihe  outside  i)f  the  cun- 
Bdnctor  aa  coinpai-ed  with  that  of  the  eartli.     (See  Nft,  Farn- 

I  No  conaiilerable  liilcknesR  is  re^julred  for  the  efHcienl  opera^ 
Btlon  of  an  electric  screen. 

I     Screen  or  Ntileld,  nnsnellc —  (Si-e  Mugii'-liv 

mSereeHoi-  Sliit'ld.) 

■  Serewo.  Blndln«  or  Binding  INwib  -  (Sen 
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Seel,  UcrmeliCBl (See  Hermetical Seat} 

tearch-Llgbts,    Electric (See    Lightho 

Uluminatiwi.) 

Secondary  Bnllcriett.^AtTangeineDls  of  voltaic  a 
that  derive  their  drfferences  of  electric  potential  from  ' 
action  of  an  electnc  current  sent  thi-ough  them  from  a  s 
arate  source.     (See  Storage  of  Electricity.) 

Secondari'  Clocki.— (Bee  Clocks,  Sraindary.) 

Seeoadary  CurrcntH.— The  currents  induceil  in  1 
secondiiry  coil  of  ao  induction  apparatus.  (See  Induetia 
Coih.) 

In  tlie   Unitetl  Stales  this  term  is  also  applied  to  the  ( 
rents  denved  from  Becoudaiy  butteries.    The  word  isgsnenUl 
employed  m  the  toi'raer  sense. 

Se«ondBrf  Oeneralor*.— A  term  soniHiiines  einployi 
tor  transformers  or  convei-ters.     (See  Trannjtirmerg  or  O* 

Seiaiaograph,  Eleclrie An  appantus  fs 

electrk'ally  r<^cordiog:   IJie   ditecfion  and  latensity  of   earti 
qiiuke  sliocks 

SelealDia,— A  compnrativeiy  rarp  elemeot  ^iierai|| 
found  associated  with  sulphur. 

SclcalDin  Cell.— A  pholo-eleclnc  couple  consisting  « 
HHlenium  in  combination  with  another  metal  usually  ooppe 
and  capable  of  producing  a.  current  by  thu  Oirect  action  g 
light. 

Selenlam  Cell,  or  Realitaace.— A  mass  o'  crj-staUi^ 
selenium,  the  resislance  of  which  is  reduced  oy  placing  it  j 
le  form  ol  narrow  strips  between  the  edges  of  broad  oondoc 
ing  plates  of  brass. 

The  selenium  employed  for  this  purpose  is  the  •% 
variety,  whith  baa   been  fused   and   maintained  for  ( 
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[  taours  at  about  330°  C.  by  means  of  vrhicb  its  resistance  is 
[-  tvdiiced. 

Bg  expoture  to  sun-HgTa,  the  resistance  of  a  selenium  cell 
IS   decreated  (ully  one-iialf  its  resistance   in  the  dark.     The 
I  seleuium  cull  la  used  in  tlie  Ptialophtme     (See  Photophone.) 

Selenium  EfC.— An  artUlrial  eye  in  which  a  Ai^lP.nium 
I  resistance  lakL's  the  place  of  the  reLiou  und  two  slides  the 
I  placP  of  the  eyelids. 

Tbe  selenium  reslslancp  is  placed  In  the  cirtuit  ot  a  battery 
and  a  galvanometer.   When  the  slides  L.L,  V\g  845,  are  shot, 
the  galvanometer  deflection  Is  less  than  when  they  are  open 
The  openlag  of 
\  the  aperture  be- 
Ftwe«n  the  slides 
il,,  L,    may    I 

3Blly  ( 

I  Bi'compllshed  by 

lilhe  at^tion  of  tJie 

[light    itself,    by 

■moving  them  by 

Vmn  electro -mag-  Ftu.ii^. 

■  net  placed  in  the  circuit  of  a  local   batleiy,  and  a   selenium 

^wsistuDce  HO  ai'i-anged  that  when  ligbt  falls  on  the  si-leniuni 

esntnnce,  the  slitlea  L,  L.  are  moved  together,  and  when  the 

mount  of  such  light  is  small  they  are  moved  apart.    In  this 

iray,  there  in  obtained  u  device  roughly  resembling  tbe  dilala- 

n  or  contraction  of  the  pupil  of  the  eye.  from  the  action  of 

Vli'ght  on  the  iris.— (See  PhotamtUr,  Selenium.) 

Self^lndiMMIon.— The  imluction  of  a  current  on  Itaelf,  as 
Histlnguiiihed  from  tlie  iuduution  it  produces  in  neighboring 
iiduclore.    (See  Curr^le,  Extra.) 

Sclt^lndoction,  Coelllclent    of A  number 

senling  Uie  value  of  the  induction  produced  by  a  ciniiit 
Rita«]t. 
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Till!  coefflfiieiit  of  self-indiicljou  varies  with  tne  «li.ir)e  of 
circuit,  and  intieases  Willi  the  njmber  of  coils  or  turns  In 
circuit.  The  i-eturdutton  in  long  tt^legmph  Unci,  where  dl 
erous  coils  of  wire  a.re  usieJ,  or  where  there  niT  long  cables, 
due  to  stiir-inductioa  iL-i  well  as  to  induction  In  neiKhbot 
coiiduclom. 

According  ro  Helraholtz,  as  jihrased  by  Sylvanua  Thoi 
son,  "  The  self  indnetion  in  a  eirciiit  on  making  eontaet 
the  effect  of  diiiitiiiHhing  the  gtrrngih  of  the  current  by 
quantilj/.  the  logarithm  of  whmerectpmcnl  in  intfraetf/ 
portiimal  to  the  coeprient  of  self  induction,  and  din 
pro]>ortional  1o  the  Temnfance  of  the  ctreait,  and  to  the  (fl 
that  has  elapsed  since  making  the  circuit." 

Seir-Recording    nagnetomeler,  —  (See  Mngnei 
graph.) 

fielf-Wtnding  Clock*.— (See  Cloeka.  Self-Winding.) 


Semapliorc— A 

railroad  block  system 
Tlie  seiniiphoi'o  iisei 
of  a,  wooden  ponl,  in  U 
on  which  a  wooden  ai 
m  width  IS  displayed. 


=ly  of  signal  apparatus  emplo^'ed 


n  (he  Pennsylvania  Railroad  consii 
leig'hborhood  ot  twenty  feet  in  ho^gl 
or  blaj;le,  six  Teel  In  len^h  and  a  ft 
When  the  bloik  is  rlean  the  tu-m 
placed  pointing' downwardaaian  angle  of  7a  with  the  horiw 
tal  by  day.  or  the  Beniaphore  displays  a  wbitf  liRbl  at  nigl 
When  the  Ulock  )s  not  clear,  the  urin  oi  bi.ide  L<  placed  iB 
horizontal  position  by  day.  or  displays  a  red  tight  at  njgj 
(Sec  Block  Signals.) 

Sender,  Zinc —  —(See  ^imc  Sendei.) 

Senslbllll]'  of  Galvanomcler.— Tl<e  te.idincsa  and  t 
tent  to  which  the  not^ille  of  a  galvanometei  responds  to  11 
poBsagre  ct  an  electric  ciirvenl  throufjli  its  coils.  (See  Oalva 
ametera.) 

Separate  Toucb.  IdBgnetizatlon  bj <S 

hthodx  of  Magnetization  hy  To-cli.  S./mnit.:, 


A  Gpeoial  rorm  of  i. 


ately  Excited  Dj-uamo  Electrlv  Mavblne.— 

o  eleclritr  lauchine,  n-hose  Held  coils  ore  excitcril  by 
El  of  a  source  external  to  the  inachme.    (See  Dynamo 
\e  Machine,  Separately  Excited.) 
«  Circuits.— (Bee  Circuits.  Varieties  of,} 
«  c;oDnerliong,— Tbe  coimection  of  a  number  of 
rate  electric  sources,  or  electro-receptive  devkep,  or  cir- 
o  that  tlie  current  passes  successively  from  the  flret  to 
lit.     (See  Cinmitt,  Varieties  of .) 
Srrtc»-n  alii  pie  Clrcuil.— (See   Oircuita,  VnrUtift  of.) 

Series.  Tbcrmu-E I ectiic {See  Tiiermo-Electric 

'■) 
.  Sbacklc,  Tclegraphli 

1  employed  on 

k  telegraph  pole  in 

irtnr  to  cinllne  t" 

e  point  the  strain 

by  a   wire 

tkTins  the  insiilar- 

a  sharp  angle. 

FoU»,    Tele- 

q>hic.) 

r.  El  CO  ^E 

—The  coniparatiTely  dark  simce  on  those  parts 

I  the  walls  of  Cruukes'  tubes,  which   huve  been   protected 

a  moleoulur  bombard nient  by  suitiibly  placed  screens. 

K  a,  in  tliv  CrookeH*  tube  shown  lu  Fig.  340,  lie  coanected 

t  nri^tive  |iole  of  any  eleetrii'!  source,  and  the  cross 

SH  of  aluminium  nt  h,  be  conneirted  with  tlie  posi- 

kIc,  nn  tlio  passage  of  a  series  of  diachat^es,  jihoK- 

r  is  produced  hv  llie  molecular  bombardment  from 

jrU  of  the  vvaani  opposite  a.  except  those   lying  iu 
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the  projection  of  its  geometrical  shadow,    (8ee  Pliogptufrt 

eence.  Electric.) 
Shadow  Pliolometer.— ^ee  Photometer,  Sfutdoui.) 
Sheet,  Currenl The  sheet  into  which  o,  cUTrm 

Bpreaila  whi-n  the  wires  of  any  source  are  connecfed  at  aa; 
two  points  near  the  middle  of  a  very  large  and  thinconductab 

A  timUnuoiia  electric  current  flows  through  the  eDtire  nu 
of  a  conductor,  cot  In  imy  single  tine  of  direction,  but>  if  tj 
terminals  of  anysoui'ce  are  connected  to  neighboring  parte  of. 
n  greatly  extended  thin  conductor,  the  current  spreads  out  it 
thin  flhcet  known  aa  u  currenfs/iecf,  and  instead  of  flowing  ink 
BtJ'aJght  line  I>etween  the  points,  spreads  over  the  plate  t 
curved  lines  of  flour,  which,  ao  far  as  sliape  is  concerned,  a 
not  unlike  the  lines  of  magnetie  force. 

ShelU,  IHagnclIc (See  Magnelif  ShelU.) 

ShellBC.^A  resinotia  substance  possessing  valuable  ii 
ating  properties,  which  is  unided  from  the  roots  and  bronctMB 
of  certain  tropical  i.dants. 

The  specillc  inductive  cujiacily  of  shellac  as  compared  vrifli' 

Sbleld,  nagnelfv fnr  Wutehes.— A  hollow  cs 

of  iron,  in  which  a  watih  is  permunently  kept,  in  order 
seield  it  (rorn  the  influence  of  external  magnetic  Qelds.  (J6 
Magnetic  Screens  or  Shields.) 

snips.  Proicetion  of IVani  Ligliliilng  8| 

—(See  Lightning  Rods  for  Ships.) 

ShIpN  SheulhlDB,  Eleclric  ProlecHon  of 

—(See  Melnls,  Electric  Protection  of.) 

Shock,  Electric A  phj-siological  eflect  prodt 

on  animals  by  the  passage  thi-ough  them  of  an  el^tric  ■ 
rent,  generally  attended  by  a  viol'?nt  contraction  at 
muscular  fibres. 

Sliori-Clrrult.~A  shimt,  or  by-pass,  of  cnm 
email  resistance,  around  the  imtcs  of  an  electric 
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mnd  any  portion  of  a  circuit,  by  wliicli  so  much  of  tlie  i^ur- 
'irtiially  Ui  cut  out  udj  otlier  cii'cuit  i.-onnef.'teil 
so  prevent  it  from  receiving  an  appreciable 

|_  Miorl*Clrcail  Key.— (See  Key,  Short  Circuit.) 

t  CIrrulli,  ReitHtUllce  nf (See  CiV- 

t,  Shunt,  KegiKtanfe  of.) 

bant    CIrvuitt,   «J»en   «r iSep  CirciiiU, 

wnf,  Usenof.) 
'  Hium  Dpiamo.— A  dynamo  el«>ctric  machine  the  field 
piet  coils  of  which  are  in  a  shimt  circuit  around  the  ex- 
I  circuit  of  the  machini;,    (See  Dgnnmo  EJectrie  Ma- 
F,  Shunt.) 

niunt,  Elc(.-lro-naBDCt)c —In  a  nystem  of  tete- 

nphic  communicittion   an  electro  niagaet  whose   coils  are 
'  'n  a  shunt  circuit  around  tlie  teiminals  of  the  receiving 

^  The  electro-magnetic  shunt  operates  by  its  self  inductjoo. 
■  polea  am  permanently  doaed  by  a  soft  iron  armature,  so  as 
asistuQce  of  Ihe  mat^netic  circuit.  (See  Induction, 
]Ss{r.)  On  making  the  circuit  in  the  colls  of  the  receiving  r«lay, 
^current  is  produced  in  the  coils  of  tlie  elect ro-magncticahunt 
in  th«  upponite  dirtctiim  to  the  relay  current,  and,  on  breaking 
the  circuit  in  the  relny,  a  current  is  produced  in  the  coils  of 
the  electro- magnetic  shunt  In  the  same  ilii'cclion  a.a  the  ciir- 
, ,  rent  in  tbu  receiving  relay.  Tlie  connection  of  the  coils  of  the 
tagui^tic  Hhunt  willi  tlioap  of  the  rat'eiving  relay. 
,  Is  such  thai  on  making  the  circuit  in  the  relay  tlie 
a  Uin  nhiitit  coils  Oiiwn  through  the  relay  in  the  same 
.  nnit  on  breaking  Uie  cJn'uil  it  flows  in  the  opjiosite 
■ax.  Therutorii  this  shunt  cRccts  the  following : 
t  the  coniinenccmGnt  of  each  signul  in  tho  receiving 
t  produced  an  induced  <'iirii-nt  in  tin'  Hikuie  direction 
I  ■trenglhL-iis  the  currenl  lu  llic  ri'Iiiv. 
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(3)  At  the  cDcliiig  of  each  signal  in  the  receivrasf  relay, 
pro<liic«8  a  ttin-L'Qt  in  tliL-  opposite  direction,  which  liusUl 
the  motion  of  the  tongue  of  the  polarized  relay.  (See  Srh 
Polarized.) 

Shunt  for  Qal ran o muter. — (See  Oalvanometer  Shuiil 

Shunt  OP  DertTvd  drcull.— A  branch  or  additioi^ 
circuit  provided  at  any  part  of  a  circuil,  through  which  tbtf 
ciiiTent  brunches  oi-  divides,  part  flowing  tlirough  the  orij""^' 
I'ircuil.  and  part  through  tlie  new  branch. 

In  the  case  of  branched  cin'uita  each  of  the  circuits  nc 
a  shunt  to  the  others.  Any  number  of  aildilional  or  s 
ciivuits  may  be  thus  provided.     {3ee  Etreliki'ff's  Luwa.) 

Shunt,  Magnetic An  additional  path  of  mag> 

nelic  material  provided  in  a  magnetic  circuit  for  tlie 
of  the  lines  of  force. 

Bhunls,  Dlnltipli'ing  Power  of A  qimntt^, 

by  which  the  current  flowing  through  a  galvanometer 
vided  with  a  shunt,  roust  be  multiplied,  in  order  to  give  Uw 
total  current. 

The  multiplying  power  of  a  shunt  may  be  delerniiucd  from 
the  following  formula,  viz.: 


'+fl- 


the  Multiplying   Ponrei 


of  a  Shunt  whose  resistance  is  a;  g,  is  thegalvanomi^ler  resist- 
ance ;  C,  the  current  Ihi'ough  the  galvanometer;  anil  A  the 
total  current  passing  ;  t  and  g,  ai-e  taken  in  ohms,  and  C  and 
A,  in  amperes. 

Suppose,  for  example  that  but  1/10  the  entire  current  ist« 
flow  through  the  galvanotoetRr,  then  the  resifttaoce  of  the 
shunt  must  i'vidi!ntl,v  be  j  g.  tor. 


trosM.  1 
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nn 


-A    Iwiii    |i 

the  woi-d  /it 


.pcisf.]    by   Sylvamis   P. 
i-mnjineUe. — {See  Ji^rro- 


pWder  <^N  Hit  uel  Ic. 

oipson  to  replace 
Magnet  ir.) 

SicineDN  aud  llal»k€  Vnllalv  Cell.— (See  Ce/f.  VoHaic) 
^.tlgwtt*.  Electro  Pneumallv Signnls  operated 

f  the  movements  of  diaphraijiiis  or  pistons  moved  by  com- 

■,  the  escape  of  which  Is  oonlrolIeU  electrjwilly. 
telgnHlliiir,  V«locll}'  of  Tnummiaaion  of 

!  speed  or  rate  ut  which  stiucessiveni^nalB  can  he  sent  ua  any 
o  without  the  relardatiuti  producing  serious  inlerlerence. 
e  Hftnrdation  a/ Signals.) 
I  Bllurnn  elet-trlciw.— The  eleclric  eel,— (See  Eleclru!  Eel. 
Istlier  Balh,— (See  Bathg,  SUver,  etc.) 

»lc  StagOCt.— (See  Wagnrl,  Simple.) 
ISImplf  Toilaic  Cell.-(See  CM,  Voltaic.) 

Bine  Calvanonieler.— (See  OaleaitomeUr,  Sine.) 

e  Fluid  Cell.— A  voltaic  tell  in  which  both  elements 

ot   the  i-ouple  are  miiiierspd  in  the  same  electrolyte.     (See 

Cell,  Vollait  Single  Fluid.) 

8ln«lv  Fluid  Electrical  Ilrpothesl*.— A  hypothesis 

[-  frHoied  to  explain  tlie  phenomena  of  electricity  on  tlie  us- 

uiiptiun  cif  a  fiingla  electric  Hind  posses.sed  by  all  tiiulter. 

e  Elecfrunty,  Single  Fluid  Hypotheai»  of.) 

th.— A  nielliod  of  inugnetizution  in  which  the 
pictinng  bur  is  merely  drawn  from  one  end  to  tJie  other 
«  l>ar  to  be  magnetized,  and  returned  througli  the  air  for 
ctBtroke.    {Svtt- Magnetiiation,  MethotUof.) 

.1  Snii'iiolil. — (See  Soknoiil.  Sliiislrormtl.) 
« t'lirrfiil*.— iNi-i'  ViirrentK.  .' 
n  Bccorder. — ;S,>o  Recorder,  Siiihon.) 

■  -  TlL.il„.iM|"'iitie  treat- 


BSO  X  WCTIQNAHT  OF  BLBCTRICAL 

Porpfflcient  (aradiaationlhe  nkin  nliould  be  Iborou^hty  dri 
and  a  metallic  brush  or  electrode  employed.  For  very  sen 
live  parts,  as,  tor  ■?xiiiiipl>>,  the  face,  tlie  hand  of  the  opi 
ator,  [Irst  tboraiiK'hly  di-ied,  is  to  be  preFeiTed  as  an  clectrM 

Skltit  Uumttn,  Eleclrlc  ReMlsCance  of 

The  eleclric  resistance  offered  by  the  skin  of  the  human  bod 

The  electric  resistuncM:  of  the  skin  is  subject  to  marked  d 
Terences  in  different  parts  of  the  body,  where  its  tbickntwa 
continuity  varies.  It  varies  still  more  with  vanationa  in  ', 
condition  of  moisture.  Even  in  the  same  mdividiial  ti 
re«.-<tance  varies  materially  mider  apparently  similar  oc 
ditions. 

Sled. — The  sliding  contucts  drawn  after  a  moving  eleotl 
railway  car  through  the  slotted  underground  conduit  ob 
tuinin|7  the  wires  or  c^indiictors  from  which  the  dririnff  a 
rent  is  taken. 

Slide  Balance,  WlicatMtoiie'H.—fSce  Balanee.Whet 
stone's  Electric.) 

Smee'*  Vollalc  Cell.— (See  Cdl,  Vottaic.) 

Socket,  Electric  Lnnip —  — A  support  for  the  i 

c«ption  of  un  inoiindcscent  electric  lamp. 

Incandescent  lamp  .si>i.'kels  are  generally  made  so  thut  t 
mere  insertion  of  tbi!  base  of  (he  lamp  in  the  socket  cotnplel 
the  connection  of  the  lump  terminals  with  terminals  ot  t 
socket  connected  with  the  leads  that  supply  current  to  I 
lamp,  and  its  removal  from  the  socket,  automatically 
such  circuit.  The  socket  is  generally  provided  with  a  key  B 
tumingthelampon  or  off  without  removingit  from  the  BOcb 

Figs.  347  and  SiS,  show  forms  of  lamp  sockets  for  inca 
descent  lamps  and  the  detailt  of  the  key  for  connecting  or  dl 
connecting  the  lamp  with  the  leads. 

Soldering,  Electric  — The  uniting  of  metalm ' 

on«  another,  in  which  heat  gRneratei-d  by  the  electric  cunf 
is  UBed  lo  iiieilt  the  solder  in  the  place  of  ordmary  taeoL        . 


^Bolett«ld,  Deilrwrwil t^*ee  Soletioid  Prar- 

I  Kolvnald,  Ideal A  Bolenoid  consWJivr  ot  « 

Miuder  huUt  ii|)  of  true  circular  cunente,  with  all  their  tnce% 

t  like  polarity  turned  in  the  saiu 
Jntendcot  of  one  aaoUit^r. 
I  Tbe  practice]  solenoid  differs  Tii 
sive  ciK-iilar  circuits  oi 

irith  one  anoUn-L-  in  seriw. 


e  direction  and  ontirulj:  in- 


ni  the  idenl  aolenoid  in  U>at 
currenu  are  all  conacdnl 


rif  Si.: 


golcnoM  M-  nelli.    rirrtra  »f  «||(   ltm%tmmt4 
ft_Ttui  name  givpn  to  a  fTlmdrkaJ  cod  t4  mn,  ^^  ^  tt^ 

V'ttonvolulJonft  of  wlilcb  bcimilAr. 

A  cinniit  bmt  in  tb*  form  of  »  Ujix,  aifywtad  •»  a*  im» 
^extmmitits,  h»  sIv>*«  ta  Fie-  "•  ^Md  feWMvrf  hy  ^  a 
0  dimBt,  will  awn  iato  " 
!>-,  unil  IT  trr"  ta  bov*  ta 
I  rest  In  thr  liar  i,i  ibcdip  «(  U 

A  •oleuuii]  lniT«m|  |ij  «»  «l«Mi  a 
KftU  (lie  p«ii]irrtia  nf  »  a 
Ifejr  other  B 
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The  polarity  of  a  aolenoid  depends  on  the  direcbon  of  iht 
current  as  regards  the  direction  in  which  the  aolenoid  n 
wound. 

Thi8  solenoid  is  sometimes  called  an  electro-magnetic 
solenoid  or  helix,  in  order  to  distingiush  it  from  a  mag- 
netic solenoid  or  9oienoidal  magnet.  (See  Magnet,  Sak- 
noidUiL) 

A  solenoid,  if  suspended  so  as  to  be  free  to  move»  will  come 
to  rest  in  the  plane  of  the  magnetic  meridian. 

It  will  also  be  attracted  or  repelled  by  the  approach  of  a 
dissimilar  or  similar  magnet  pole  respectively,  Fig.  851. 

Solenoid,  Practical The  name  applied  to 

the  ordinaiy  solenoid  in 
order  to  distinguish  it 
from  the  ideal  solenoid, 
(See  Solenoid,  Ideal.) 

A  practical  solenoid 
consists,  as  shown  m 
Fig.  350,  of  a  spiral  coil 
of  wire  wrapped  in  the 
manner  shown  in  the 
figures  at  (1),  (3)and(S.) 
The  polarity  of  the 
solenoid  depends  on  the 
direction  of  the  current  ^ 
and  therefore  on  the 
direction  of  teinding. 
In  any  solenoid,  how- 
ever, the  polarity  may 
be  reversed  by  revers- 
ing the  direction  of  the 
current  (See  Electro- 
Magnet:) 

A  Right  Handed,  or  Dextrorsal  Solenoid,  is  one  wound  in 
the  direction  shown  at  (1). 


Fig.  SU9. 


5,.'.V/..mA*Afe-^ 


■"?'»  i\%  9i«  ll 


^^^.*r»V^|UfitJ&AY4^ 


*<'=» 


Sff' 


Flg.sao, 


WOHDS,  TIKMS  Am 

I  Left  IIitHiled.  or  Siiiinlrurfil  Siilvmiul,  in  iini-  wi 
e  ilJriH^lJon  slionn  ul  (3). 

i  Bolcnoicl  Bhdwn  iil  (M)  is  wmini!  sii  us  Ui  \iri.nh 
«( poles.     (See  Coniteqttent  falta,  iir  Poinln.} 


olenoid,  Sliilatronul  - 


(St-p  .Vdioiuti;,   /'n 


iwDometer,    Uugbei 

e  for  tbe  purpose 
of  examiniug  the  inten- 
fiily  o(  sounds,  or  the  del- 
icacy of  the  ear  in  de- 
Ping  or  distin^isliing 
nds.  («e«  Indoetiuri 
nncp,  Uugheii.) 

t»onoreM!C  n  c  V 

A  terra  proposed 

for  Um  ^MJ^llld«  pcixhiced 
when  a  piwa-of  vulcanite 
or  uny  other  aohil  sub- 
stuni'i^  is  ex|Hiseit  ti)  li 
rapid  Eucuesxioii  ut  lluKhea 
See   Pholu- 

id  (Sub jw lively) 
—The  etfttt  pro- 
by    a    vibrating 


—A  form  of  induction 


L)  Sutofctivelj/,  OH  Uie  xenmtion  pruduiv^l  by  thevibratloD 
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(2.)  ObjeeliBtly,  aa  the  waves  or  vibraUons  tliat  ape 
able  of  producing  the  eensation  of  souDiJ. 

Suund  19  ti-ansniitted  from  the  vibrating  body  to  tlie  ei 
tlio  hearer  by  means  of  alternate  to-and-fro  tiiolions  in 
air,  occurring  in  every  direction  ai-oiind  the  vibrating  body; 
and  forming  spherical  waves  called  nxivra  «/  t^ondejuatiM 
and  Tare/action.  Unlike  light  and  heat,  these  waves  reqiUn 
a  tangible  medium  such  ns  air,  to  transmit  tlieni. 

Sound,  therefore,  is  nut  propagated  in  a  vacuum.  The  vibn 
tiuus  of  sound  are  longitudinal,  that  is.  the  to-and-fro  moUoq 
□crur  111  the  s;inie  direction  as  that  ia  which  the  sound  ll 
traveling.  The  vibrations  of  light  are  trangvgrse,  that  is.  tbi 
to-and-fi-o  motions  are  at  right  angles  to  the  direction  il 
which  tlie  light  is  traveling. 

Sound,  Characteristic!  of (See  Charoefcfu 

Utiex  oj  Sotmd.) 

SoBuder,    DIorNC   Telegraphic  —Am 

electro-magnet  which   produces  audible  sounds  by  the  mo' 
ments  of  a  lever  attached  fo  the  armature  of  the  ma^et. 

The  Morse  sounder  has  now  almost  entirely  supplanted  thi 
paper  recorder  or  register.  On  short  lines  it  is  placed  direcdj 
in  the  telegraphic  circuit  On  long  lines  it  is  operated  by  m 
tocai  batlerp,  thrown  into  or  out  of  action  by  the  rtlajf.  (Sof 
Relny.) 

The  Morse  sounder,  shown  in  Fig.  353,  consists  of  ai 
electro  maguei  H,  whose  soft  iron  armature  A  is  rigidlfri 
tacbcd  to  the  striking  lever  B,  working  in  adjustable  8cl«i 
pivots  as  shown.    The  tree  end  of  the  lever  is  limited  in  il 
strokes  by  two  set  screws  N,  N-      Tlie  lower  of  Uiese  acre« 
is  pet  BO  as  to  limit  the  approacli  of  the  armature  A  U 
of  the  electro  magnet ;  the  upper  screw  issetsoastttgiTett 
end  B,  ButAcient  play  to  produce  a  loud  sound,    i 
spring,  attached  to  the  striking  lever  near  its  pivoted  end,  ai 
provided  with  regulating  screw  SS,  pulls  the  lever  barclciA 
the  current  ceases  to  flow  through  H. 


^  Tlie  dote  and  Jmlin  of  the  3t 

y  Uie  Boun<]«r.  3is  jMiiiflite  wigmtif,  Ai*  we  i 

m  operator  hy  hmmh  of  tfae  d 

p  and  down  strak«  nl  the  lever  ■*  wtH  am  hy  lk«  4 
R  Uie  inlervfti*  of  time  betwvMS  the  ^Kxi^vn  MgaalK, 
'   Sounria.  Xacnctle tStr  Magmwtie  Htmn^^J 

Bourr«,  Elmrlr.— A«5lliing«Mefcpfio4aa«a<Ca*a 
if  potentiul  or  ^lh  electro-motiv*  tofre. 

BpBTk  IHM-liArBC— <S>v  jkudkar^r.  Diarmplirt.) 

Spark,  Lencth  «r i8r»  l^-»g(A  o/^ifpor*.) 


OH  A.  iHOTi(»riutT  or  ■LxcntioAi. 

(^k'cti'ii.-    iiiutliiDi;,    attended    with    spark    at    the    (.■oUecUiifp 
hrilshes. 

Spiirking  GonRJHts  in  f  h<!  formutjon  uF  small  iircs  iimler  th*' 
collecting  brushes.  One  iiiiLse  of  spai'king  is  to  be  foiinit  m 
the  brushes  leaving  one  commutator  strip  berore  making-  ci 
nectlon  with  the  next  strip.  8parkmguauM!saburniii);a[  thfl 
commutator  strips,  and  on  irregular  consumption  of  the 
brusbes,  both  of  which  produce  further  iri-epuUinties  by  w 
or  friction  of  the  brushes  against  the  commutator  bars. 
Spoi-king  from  this  etrnae  may  be  avoided  by  so  placing  tbt 
brush  as  to  cause  it  to  brid^  over  the  »)>»(;«  between  two 
consecutive  bars,  thus  permitting  it  to  touch  one  bar  beforq 
leaving  the  other.  Two  brushes,  electrically  connected,  ar« 
sometimes  employed  for  this  purpose,  or  the  slots  between 
contiguous  bars  are  slightly  inclined  to  the  axis  of  rotulion. 

At  the  moment  the  brush  touches  two  contiguou-i  oominutar 
(or  bars,  it  short  circuits  the  coil  terminating  at  those  ban. 
On  the  breaking  of  this  closed  einniit,  a  spark  appears  under 
Uie  brushes.  This  spark  is  often  coiisiderable,  since  from  tli* 
comparatively  small  resistance  of  tlie  coil,  it  ts  apt,  wbeit 
short-circuited  to  produce  a  heavy  current 

Another  cause  of  sparking  is  to  be  found  in  the  self-indui^ 
tioii  ot  tlie  armature  coils.  The  extra  current  on  breaking 
forms  on  injurious  spark  under  the  brushes.  Tills  spark  maj 
be  ooosiderabla  since  tlie  cun-ent  produced  in  the  coll  on 
mentarlly  short-circuiting  it  by  the  brushes  simultiUeouKlf 
touching  the  adjoining  commututor  segments  may  be  Lapge. 

Sparking  occurs  when  the  brushes  are  not  set  close  to  tlie 
neutral  line.  Since  the  principal  cause  for  this  change  tn  tlu 
lead  ot  the  brushes  is  the  magnetizing  cITect  of  the  arraatur 
coils,  it  is  preferable  to  make  the  number  ot  windings  of  thiw 
OS  few  08  posiiible  and  to  obtain  the  uecensary  differences  a 
potential  by  increasing  the  speed  ot  rotation  and  the  strengtl 
ot  the  magnetic  field  ot  the.  moi^hine.  Short  armuturtt  c 
also  lessen  Ihp  sptirking  due  to  srJf -induct ion. 


WORDS,  TRBIU  ASP  PH&utKB.  filtT 

f  6pi*rkiiig  ut  llie  brushes  is  also  ciLiiiwil  by  Uie  jumping  nf 
npropcrly  Rupported  or  ooDittriicled  brusht^. 
I  WIk'h  tlie  brusbes  are  not  set  close  to  the  neutral  poiatlonj^ 

Uthing  tparks  are  apt  to  occur. 
\  A  liU'k  or  Bjriiini'trj'  of  winding  of  11  le  armnturQ  coils  will 
ftcssarily  be  attentlwl  by  injurioiia  flashing:,  Tromthe  impoH- 
Hiility  of  properly  adjusting  thubriuthes. 
>  SiMJClBc  HeBl.— (SeeHenf,  Siteciflc.) 
'  Sperlflr  Hvat  ofElectrlvltr.— Alerm  proposed  liySir 
Di.  Thomson  lo  indicate  the  analogies  between  the  alwiorp- 
n  and  eniLtsHJon  of  heat  in  purely  thermal  phenomena,  and 
Ehe  ahnorption  and  emission  of  heat  in  titermo  electric  plic- 


As  WB  have  already  seen  heat  is  either  given  out  or  absorbed, 

an  electnc  current  i)aflses  from  one  metal  to  another 

a  junction  between  them.     (See  Effect,  Pettier. ) 

!o.  too,  when  electricity  pfisses  tlirmigh  an  unequally  heated 

w  the  ourrent  l«ndii  lo  jncreasi-  ur  decrease  the  iliffereni'i's 

f  t«nipernture.  uccordingto  the  direction  in  wliich  it  flows, 

■     5  to  the  character  of  the  metal.      (See  Effect, 

1.) 

:ity   were    a    fluid,"    says    Maxwell,    "running 

I   the   conductor  aa  wat«r  does  through  ix  tube,  and 

niya  giving  out  or  absorbing  hent  till  its  temperature  is 

tt  at  the  conductor,  tlien  w  passing  from  hot  to  vit\A  it  would 

it  hent,anit  in  passing  from  cold  to  hut  it  would  absorb 

ml  tlie  ariiouat  of  tiiiH  heat  would  depend  on  the  spe- 

ic  beatut  the  fluid." 

'    BpeclHc  Intluctlve  Capacity.— i^mCTi/wicif^,  Spfeiflr. 

cHIc  Heiittilunco.— <See  Resixtance,  Spfoijlc.) 

3  Rcttlslaucc  of  UqntdM.— {See  LuiuidM,  Sp'- 

5«*tl,  ArtlcHlttlt'.^^^See  Arttitutah-  Sperch.) 


OF  EI.KimtlCAT. 


SpbygmogrBph. — An  electric  apparatuH  for  obtaining  a 
rcoord  of  the  rate  and  strength  oF  the  pulse. 

Spbygmophone,— An  applioatoin  of  the  ni<Tophone 
to  Uie  mudk^al  examination  ot  the  pulse.   (See  Microphone.) 

Spiral)  Boget's A  suspended  wire  spiral  convey. 

ing  a  strong  electric  cuiTent,  and  devised  to  show  the  attrao- 
tjons  produced  by  pamllel  currentu  dowing-  in  tho  sajne  direc- 

Tbe  lower  end  of  the  wire  spiral  dips  into  a  mercury  cup. 
On  the  passage  of  the  current,  the  attraction  of  the  neighbortng 
turns  of  tlie  spiral  for  ea^'h  other  shortens  the  length  of  the 
HpinU  sufficiently  to  draw  it  out  uf  the  mercury  and  thus  break 
the  circiut.  Wlien  this  occurs  the  weight  of  tlie  spiral  causes 
it  to  fall  and  again  ve^estahhsh  the  circuit  A  rapid  automatic 
make-and-break  is  thus  established,  accompanied  by  a  bril- 
liant spark  at  the  mercury  surface  due  to  tlie  extra  spark  on.  J 
breaking, 

ftpitt  BBncr|-.--<See  Battery.  Split.) 

Sprlng-Jock.— A  device  for  readily  inserting  a  loop  in  l| 
main  electric  circuit.     (See  Board,  Multiple  Stcitch.) 

Spring-Jack  Cll^Oat,— A  device  similar  iagen«raIo( 
stniction  to  a  spring  jack,  but  employed  to  cut  out  a  circuit.  ' 

An  insulated  plug  is  thrust  between  spring  contacts,  thwj 
breaking  the  ciroiit  by  forcing  them  apart. 

SporlouB  ReitBtance, — A  false  resistance  arising  (ro 
the   development  of  a  counter    electro-motive  /orve. 
Counter  Electro-Motive  Force.) 

Standard  Candle.— ^e  Candle,  Standard.) 

Standard  Curcel  Cias  Jlet. — (See  Carrel  Standard  < 
JW.) 

Standard  Cell.— A  voltaic  cell  the  electro-motive 
of  which  is  constant,  and  which,  therefore,  may  be  used  in  tl 
measurement  of  an  unknown  electro-motive  forc^ 


troaim.  terms  and  phrarbb. 
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I  AbflolutA  constancy  Isimjjoasibletoatt&in,  but,  if  tlie (^uri'pnl 
if  llie  stundard  cpII  is  doBed  but  tor  u  short  time  the  elwtri.)- 
e  force  may  be  regarded  us  tnvariuble, 

I  Cell.  Clnrk'a -Tlie  form  of  standard 

II  shown  in  Tig-  ftW. 
Laiimer  Clnrlf» SInndnrd  Ci'll.  nssiimcs  a  i-arieiy  of  foitiis 
Tlie  H-fonu  is  arran^pd  as  shuwa  in  Fij;,  .IVi.    Tlio  vrsH..-| 
la  tho  loft  contains  at  A  an  auiiJgum 
pf  pure  eiDC.    The  other  vessel  contains 
itU  mercury  covered  with  pure  mer- 
lirous  sulphate.    Both  vessels  are  then 
lUed  above  the  level  of  the  cross  tube, 
.  »  saturated  solution  vt  zinc  buI- 
e  Z,  Z,  Ko  which  a  tew  crystals  of 
same  are  adtleii.     Tightly  Dtting 
ptksC,  C,  prevent  loss  by  evaporation, 
I  The  value  of  this  cell  In  legal  volls  is 
W{1  — 0,00(l7Tt(- I5°C,)    (Aj/rton.) 
\jtiia  value  (.   Is  the  temperature  in 
n  ol  till'  conttg'i'ade  scale. 
JMlard     Cell,     P I  o  m  I  n  g' « 

The   form   of  standard  c*II   shown   in  Fig.   354. 

The  U  tubt!,  Fig.  ».H,  Is  connected,  as  shown,  by  means  ol 
with  two  v«ss«ls  niled  wilh  chf  niicaliy  puro  solutions 
of  lopiier  Bulphitte  of  8p,  Gr.  1.1  at  13'  C,  and  xinc  sulphate 
of  8p.  Or.  1.4  at  1.VC.  respectively.  To  use  the  cell  tlic  xinct 
rod  Zn,  oonnwt^d  with  a  wire  passing  through  a  rubber 
r  is  plated  HI  the  left  hand  branch.  The  tap  A  is  opened 
10  entire  Utiibn  is  tlUpd  with  the  denser  sine  »ul- 
s  aolution.  Th^  tap  at  C  is  then  opened,  and  ttm 
1  in  the  right  hand  hmni^h  above  the  la|)  Ik  dlschargi-i) 
he  lower  vesst'l,  but,  from  fhin  port  oidy.  Thi? 
a  then  closi-d,  and  the  tup  B  opcncii,  and  the  lighter 
wrolphate  allowed  In  All  the  righthand branch abovi-UiB 
,    Tho  fOpiHjr  rod  Uii,  lilted  to  a  rubber  stopjier  und  uon- 
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A  DILTlOHAKy  OT  SLXCTBtCAI. 


9  IheQ  pW'ed  in  till!  I'opj 

L  ani!  M,  tvr  the  re<«ption  ot  thi 

in  iiBo.  The  cxspper  tube 
pi'epured  for  use  by  freshly  eii 
tri>-plating  it  with  copper.  Tl 
F:.  M.  F.  of  this  ceU  ia  I.( 
volis.  If  the  line  of  deoii 
liition  between  the  two  hqj] 
IS  not  tihiirp,  the  onus  of  t 
viaaels  are  emptied,   anil  frH 

Standard  R««iatatii 

Coll.— (Sec   Rematatiiv      Co 
Slniidtinl.) 
Slate,    Allotropic  

—{See  Attotrops.) 
Stale,   Naoceni  

(See  NnscFnt  State.) 

State,    Pasilve  I 

Iron,— (Seo  Passive  State.) 

Slate,  Permanenl  

The  condition  ot  the  uhiu] 
of  a  telegraph  wire  when  t 
oiirrentreiu^hiag'tlie  distant  cj 
hus  the  Bameati'en^th  as  at  t 
Hendm)^  end. 
— Tlie  condition  of  the  charge  i 
strength  of  current 


Stale,  Variable 

11  telegraph  wire  whii 

up  to  the  full  Ntrength  in  all  parte. 

The  duration  of  the  variable  stal«  m  directly  as  the  li 
of  the  hne  and  its  total  resistance.  It  is  inci«ased  by  le&k 
and  by  the  effect  of  tlie  extru.  current.    (See  Currenff, 


f  Walk-  C»Br«e.-(3««  Oarge,  Statu-,) 
W  Malic  Ele*5lrJe«r.— A  t*>™  'ormeriy  uppliwl  to  plwtn- 
Wtj-  produi«d  by  (rietioii.     (Now  obsolete.) 

The  U'rra  stain- i'l«iritity  18  properly  eraiiloyed  ill  t  ho  »en«o 

mM  A  sfoIieeAiiT;*  hut  not  a»  irfiif  in  eltrtricitg,  since  tlmt  would 

■fpdicale  a  piirticular  kind  ot  eleetri.-ity.  and,  na  la  now  gen- 

^^ullv  recogniwHl,  electricity,  troni  no  maltor  whnt  sourco  it 

b  derived,  w  one  »nd  the  sunie  Uiins. 

■  j|l0tlCH,— ThL-  si'ience  whii'h  treats  of  the  relations  that 
hiBt  exiKt  hotwei^n  tlie  points  of  applioation  ot  torct»  lutd 
r  direcliou  and  intensity,  in  order  that  equiUbrmni  tuny 
wult 

May  ttod*.  Telcgrnplilr HctoUio  rod*, 

lrttU(-he<l  to  a  lelegniph  [lolf.  anil  Beourely  fantened  m  Ih" 
n  order  Ut  countenict  the  ellcc^ts  ol  a  pull  or  liini«if>ri 
B  the  poles.     [See  Poh*.  Telrgrnphic.) 

V  8ieel.4taBltUe«  «r RoqaUllo  for  ntmnrilxM- 

ttn.— Qualities  whiirh  miLsl  L>e  |Nnisi«a«d  hy  xleel  in  order  to 
tilt  It  to  permanently  retain  a.  considerulile  miiKntitizjition. 
ir  thi!  pitrposp-s  of  mugaetizaliun  iit«<!l  Nhuuld  powieiai  the 
bl  I  owing  qunlitios; 

.  slioiilil  he  iiunl.  mid  line  grained.    Hnrd  cuut  *,^f\  annwera 

t  [iiirpoM  very  well.     Soiireshy  Mhoweri  th«t  an   inliltwlo 

a  exwlK  between  th^  •piallty  of  the  Iron  frtjiti  whicli  llie 

»  mad*,  anil  its  ahilily  to  takn  and  r^laiii  txmi>idenLl>l« 

n  adinlxttm  lo  sli^el  ot  alKiut   lilt  [mt  muL  of  timicvti-ii 
i<-T<«w  ItH  iitati'n'-titi  powen       Ciuit  »t<-til   in   t¥A 
[TDCTally  etiiploynl  tor  mn^pt*,  wniiixht  oti-i'l  I, 

ally  pr*E*rmd. 
\^  M.  SlaM<*  Plr«.— faintly  luminuu*  ;.-lr.)x,..  .h 
■:  hnaih  dur^ianps,  locnnlimrm  WWII  ..I.  If,.   -i>.. 
ir  oUwT  onutkr  \QtaXvo*m. 


mi-i 
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Nlep-by-Step    ur   Dial    Telritraptir*— -^    system  < 

tekgiaphy  ia  which  the  signals  arc  registered  by  llie  movi 
mentsof  a  needle overadial  on  which  the  letters  of  the  alpfaj 
bet,  etc,  are  marked. 

Dial  telegraphs  are  employed  Tor  cammuni(xi1ioa  by  UiMj 
who  are  unable  to  readily  read  the  Morse  characters. 

The  annexed  instniincnt,  devised  by  Breguet,  was  fonoelf 
used  on  somt  of  the  railway  systems  of  France. 


t 


nr.sss. 


Fig.Sie. 


A  needle  advances  overadial  inonedirecUonooly  byAst 
by-step  movement.     The  alternate  to-and-fro  motions  of  tl 
armature  of  an  electro  magnet  are  employed  to  impart  Bstep<l 
by-step  motion  to  a  pecuhariy  shaped  toothed  wheel  T,  T,  flg^l 
35G,  through  the  action  of  a  liorizontal  arm  c,  attached  U 
to,  and  moving  between  the  two  pi-ongs  of  a  fork  d,  v 
on  a  horizontal  axis  to  which  is  attached  a  vertical  pallet  i. 

The  recemnginslniment  is  called  the  Indicator,  t 
sists  of  a  needle  attiu^lied  to  the  ans  or  this  wheel, 
needle  moves  over  the  lat^e  of  the  duil,  sliuwn  in  the  Pis'.  I 
on  which  are  marked  thtt  letters  ot  the  aliihaliet  and  tb«  n 
merats. 

The  sending  instrument  is  .allnd  the  MiiuijiuMoj 
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to  any  point  on  the  manipulator,  tlure  are  thus  prodnoed  the 
required  number  of  makes  and  breaks  to  move  the  needle  of 
the  mdicator  to  the  correspondmg  letter  or  character. 

Slep-bjr-Step  Telegraplijr.— <See  TeUgraphjf^  Step^ 

Step.) 

IMool,  Inflolatlilir-'-A  stool,  provided  with  insulating 
supports  of  vulcanite  or  other  insulator,  employed  to  afford  a 
ready  insulating  stand  or  support.    (See  Insulating  StooL) 

Storai^e  Cells,  or  AcevHialatort.— Two  mert  plates 
of  metal,  or  of  metallic  oxides,  immersed  in  an  electrolyte  in- 
capable of  acting  on  them  until  after  an  electric  current  has 
been  passed  through  the  liquid  from  one  plate  to  the  other. 

On  the  passage  of  an  electric  current  through  the  electro- 
lyt«»,  its  decomposition  is  effected  and  the  electro  i>ositivc  and 
electro  negative  radicals  are  deposited  on  the  plates,  or  unite 
with  thiMii,  so  tliat  on  the  cessation  of  the  charging  current, 
there  riMiiains  a  voltaic  cell  capable  of  generating  an  electric 
current. 

A  storage  cell  is  cJuirged  by  the  passage  through  the  hquid 
from  one  plate  to  the  other  of  an  electric  current,  derived 
from  any  external  source.  The  charging  current  produces  an 
electrolytic  decomposition  of  the  inert  liquid  between  the 
plates,  de[K>siting  the  electro  positive  radicals,  or  kathionn,  on 
the  plat<*  connected  with  the  negative  terminal  of  the  source, 
and  th«'  i>l(*ctn)  negative  nulicals,  or  anions,  on  the  plate  con- 
nect<*d  with  the  ixwitivo  terminal. 

On  Iho  cessation  of  the  charging  current,  and  the  connec- 
tion of  the  (5harg«Hl  phit^is  hy  a  condm-tor  outside  the  liquir 
a  curriMit  is  produced,  whuh  flows  through  the  liquid  from 
tlip  plat*'  covereil  with  tho  eli?ctro  positive  r.uiical,  to  that 
cA>vered  with  the  elerlro  ii«»giitive  i*adical,  or  in  i\w  opposite 
direction  to  that  of  the  chnnjintj  current. 

The  siiuph^st  storage  cell  is  Planters  cell,  which,  as  ori^n- 
ally  <'^>iistrucied,  consists  of  two  plates  of  lead  immersed  iii 
dilute  sulphuric  lU'id,  H,  SO4.    On  the  passage  of  the  oharg- 


\ag  carvcot,  (be  pUt*^  A  and  B.  Fi^  3o8  ilip]>e(l  in  H,  SO,. 
WC  eornrfA  twxpeeWniy  wiUi  h-iul  iwroxide  Pb  0„  aad  tlnely 
drndod,  *|Mt^  NkI  The  pemxide  is  formed  va  the  positive 
pMe.  aad  tine  iDrUll>c  l«ad  on  ttie  ni'gstive  plate. 

Wlien  like  dntsing  lurTent  ceases  lo  (iiiss.  the  cell  dis- 
cbargo  >n  ibe  opposite  dirctlion.  viz,,  truni  B'  to  A',  that  u, 
(r«MD  the  •paagy  kiul  pl^**  *^  ^'"^  peroxide?  ]ilal».  ns  bIiowu  iti 


As  a  result  of  this  dischar^inj^  current  the  peroiude,  Pl>  0,, 
on  A',  givea  up  aae  of  ite  atonm  at  oxygeu  to  the  spongy  kiul 
on  B ,  thUH  Iminng  iKiIh  plates  co&lvd  with  a  Inyrr  ot  fit  O, 
tead  iiiiiDuside,  or  litharge.  When  tliii  chang-e  t-  thnrmi^+iiv 
^ected.  ibtf  cell  l>euunies  inert,  and  will  ftu;, 
narrrnt  uatil  n^iun  rhui'ged  by  ttit'  passage  i 
M>iii«  extenial  source. 

IiiorderlolDOiimscrthc-cn.pai'ityof  thestora),-> 
prolong  Uie   Onie  ..(    tlieir  dis<-harR;o.   t 
mouoxidi'  thus  led  un  i-ruh  ot   ih>i  plAt 
nuiUe  KM  gnuit  ae  possihlo.    To  eOaet  t 
formino  tlw  jHnlrii  m  enjployed,  » 
uig  Uhi  phiteH  aa  alreiuly  dt 
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direction  of  the  charging  current,  the  currents  being  soit 
through  the  cell  in  a'temately  opposite  directions,  until  a  con- 
siderable depth  of  the  lead  plates  has  been  acted  on. 

It  will  be  noticed  that  dunng  the  action  of  the  charging 
current,  the  oxygen  is  transferred  from  the  PbO,,  on  one  plate, 
to  the  Pb  O.  on  the  other  plate,  thus  leaving  one  Pb,  and  the 
other  Pb  O,  ;  and  that  on  discharging,  one  atom  of  oxygen 
is  transferred  from  the  Pb  O,,  to  the  Pb,  thus  leaving  both 
plates  covered  with  Pb  O.  In  reality  this  is  but  the  final  result 
of  the  action,  hydrated  sulphate  of  lead,  PbO,  H,  SO4,  being 
formed,  and  subsequently  decomposed. 

In  order  to  decrease  the  time  required  for  forming,  accu- 
mulators or  secondary  cells  have  been  constructed,  m  which 
metallic  plates  covered  with  red  lead  Pb,  O4,  replace  the 
lead  plates  in  the  original  Plants  cell.  On  charging,  the  Pb, 
O4,  is  peroxidized  at  the  anode,  t.  e.,  converted  into  Pb  0„  and 
deoxidized,  and  subsequently  converted  into  metallic  lead  at 
the  kathode.  Or,  in  place  of  the  above  Pb,  O4,  red  lead  was 
placed  on  the  anode  and  Pb  O,  or  litharge  on  the  kathode. 

Plates  of  compressed  litharge  have  also  been  recently  used 
for  this  purpose.  Storage  cells  so  formed  have  a  greater  stor- 
age capacity  per  unit  weight  than  those  in  which  a  grid  is 
employed. 

In  all  such  cases,  various  irregularities  of  surfaoe  are  given  to 
the  plates,  in  order  to  increase  their  extent  of  surface  and  to 
afford  a  means  for  preventing  the  separation  of  the  coatings. 
The  metallic  form  tlius  provided  is  known  technically  as  a  grid. 

Unless  care  is  exercised,  the  plates  will  buckle  from  the  dif- 
ference in  the  expansion  of  the  lead  and  its  filling  of  oxide. 
This  buckling  is  attended  with  an  increase  in  the  resistance  of 
the  cell  and  the  gradual  separation  of  the  oxides  that  cover 

or  an  It 

Storage  of  Electricity*— A  term  improperly  employed 
cate  such  a  storage  of  energy  as  will  enable  it  to  directly 
>»  electric  energy. 


Bag 


io-cbI1pi1  Htomge  battory  does  not  store  electricity,  any 
thaii  llie  s|U'ii]g  of  a  fluck  niti  b«  saLU  to  atore  time  or 
Tbe  spring  stores  muscular  energy,  i.  e.,  readers  the 
liar  kinetic  energy,  potential,   which,  again   becoming 
a  the  works  ol  the  clock  to  move  and  slrilie. 
to  the  eamc  way  in  a  so-called  storage  battery,  the  energy 
of  an  electric  current  is  caused  to  produce  electrolytic  decom- 
positions of  euch  a  nature  ax  to  independently  produce  a  cur- 
rent on  the  removal  of  the  electrolyzing  current.     (See  Slor- 
■'nge  Cclla.) 

Slnmu,  Electric  or  naicnellr -(Bee  Magnetic 

Harms,} 

SioriiiN,  Thunder  f.eo^raptilcal  Dlstrtbu- 

llon  nr,— Thu  following  general  facts  as  to  the  geographi- 
cal distribution  of  thunder  storms,  nhow  the  intimate  relation 
between  the  frequency  of  thunder  stomiH  and  the  time  and 
place  of  the  condensation  of  vapor. 

{I)   Thunder  etoruis  seldom,  if  ever,  occur  in  the  polar 
regions.    This  is  probably  because  the  rain  fall  here  results 
the  condensation  of  the  vapor  at  lunes  and  in  regions 
«  from  tlio  times  and  regions  in  which  it  was  formed, 
I)  Thunder  storms  seldom,  if  ever,  occui-  in  rainless  districts 
ing  probably  to  the  absence  of  the  condensation  of  vapor. 
I)  Thumter  storms  are  most  frequent  and  violent  m  the 
■rial  regions,  whei'e  the  rJMn  fall  results  from  the  con- 
ition  of  the  vapor  by  the  action  of  ascending  currente, 
iveyiag  tlio  vapor  almost  immediately  after  its  formation 
the  upper  and  colder  regions  of  the  atmosphere. 
{41  Thunder  storms  ocuiir  in  regions  beyond  the  tropics,  at 
Mtuons  o(  the  year  when  tlie  rain  fall  results  from  the 
lenitatioii  of  tlie  i-apor  shortly  after  the  time  of  its  for- 
i,  via.,  in  the  temperate  zones  in  the  hotter  parts  of  the 

IB,— Thn  deformation  of  a  body  under  the  inQuenoe  of 

{S«n«(ivii».) 
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Stridn,Dleleelri« (Bm  i}MMA«S«raAi.»-  - 

Strain,   Electro -Hacaetie,   Oytlel (Bm 

ppftcol  strain,  Ehctro-Mofptetie.) 
Strabi,  ElectroataUfi,  Optical :See    OpNBtd 

Stratn.  £leefro«taltc.) 

Strain,  Optical (See  Optteof  Strom.) 

StratUcallon    Tubc—Au  exhausted   glam  tube,  tbe 

residual  atmosphere  of  which  displAjB  alternate  Auk  aad 

li^ht  Btria-,  or  Btratiflcationa,  on  the  passage  through  it  at 

an  iaduction  coil  discharge,    (See  Limuioua  Egettt  of  Dim- 

charge.) 
Stray  Power.— A  term  used  to  iD4Ioate  tbe  power  lost  in 

driviiig  a  dynamo-electric   machine,    through    friction,  air 

churning  or  currents,  and  eddy  currents. 
Strengtb  or  Current.— (See  Current,  Strength.) 
Strength  of  nagnetism.— (See  Magnetima,  InUnHty 

of.) 
gtre««.— The  pressure  or  pull  producing  a  deformation  or 

strain.    (See  •Strain.) 
Stress,  Electros tatle,  or  Eiectro-HIagiietlc 

— (See  Optical  Strain.) 

Striae,  Electric (See  Stralifieaiion  Tttbea.) 

Stmts  tor  Telegraphic  Poles.— Inclined  wooden  or 

Iron  poles,  applied  to  telegraph  poles  in  order  to  remove  the 

thrust  or  pressure  acting  on  them.    (See  PoUm,  Telegraphic.) 
Sturgeon's    Wheel.— (See    Aecutimlator.    Barlote'a 

Wheel.) 
Submarine  Boats.— (See  Boats,  Submarine.) 
Submarine  Cables.— (See  Cablet,  Si^mtarine.) 
Submarine  Mines.— (See  Minn,  Submarine.) 

Submarine  Telegraphy (See  Telegraph]/, 

Syttemsof.) 
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FerTO-]llHt[i>^ll<^>  —  (S«e    F^rro-Magnetif 


abway.  EI«cUic An  ttcccssibte  uadergrouoil 

r  ]iiuisu;;«  ])rovided  for  Uic  nveption  of  electric  wires 
les. 

trndflrground  electric  coDductorH  like  all  electric  coaduc- 
B  liable  to  fiiultj),  crossea,  etc,  etc  Unless  lliey  are 
idily  accessible  very  serious  loss  and  damage  may  ocvur 
e  the  fault  is  looat«il  and  corrected. 

U. — Dark  spots,  varying  in  number  und  posilion, 
li  appear  on  the  face  of  the  suu,  and  itre  beiievi.>il  to  bf 
sed  by  huge  vortex  niotions  in  the  masses  ot  glowing  giks 
lh»t  surround  the  sun's  body. 

Sun  8{iola  oocur  in  greater  number  at  intervals  of  about 
evi^ry  elevwn  yi'are. 

_  Their  ui«urr«ni-«  is  generally  attended  wiDi  unusual  t«rres- 
m:  variations.     (See  MagiuHc  Storms.) 

Mlrokc,  Electric or  Electric  Prortni- 

rlniHilallOD.— Physiological  eifet^ts,  similar  to  tliOHi> 
>duoed  by  exposure  to  the  sun,  experienced  by  those  ex- 
Md  for  a  long  while  to  the  inl«nEe  light  and  heat  of  the 

^eae  effcrta  were  tint  noticed  by  Dosprcz  in  hia  closiiic  ex- 
meats  un  Ihe  lusiOD  or  volatlliiatioa  of  carbon.  The  ejea 
d  and  the  akin  burned  as  by  the  sun.  In  some  caHes 
k  claimed  that  the  "'ffecta  of  sunstroke,  or  excessive  produiv 
■f  heat,  tLs  in  trut-  innolittion,  are  produced.  In  the  more 
1  applmiliOD  of  cledrirify  to  electric  furnaces,  liiese 
m  dtectM  have  bi'cn  noticed  in  an  intenaifli-tl  degree. 

tome  recent  investigations  it  would  appear  that  thrse 
«  to  be  oscribc^U  to  the  light  nilher  thau  to  tliD  heat. 
A  i^mptoms  arc  as  follows :  Pain  m  tlie  Utrout,  face  and 
I,  (allowed  by  n  coppery  red  color  of  Ihe  skin,  irritation 
t  watering  nf  the  eyes,  when  Uie  symptoms  disappear. 
IB  akin  pneU  ulf  in  about  live  days. 
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Surltecej),  Equipotenilal   Elcciruitlulir  - 

{See  Bquipotenlinl  Surfuct-s,  ElcctroKtalir.) 
Soiibceii,  Eqnlpotentfal  III(ign«tf« (8«j 

Equipotential  Surfaces,  ifagnelie.) 

Saicepllbllltr,  Magnetic A  term  ei 

pressing  tha  ratio    existing    belwotn   the    iutcuBity  of   th^ 
indui'ed  atiii  the  induciag  magDetiBm, 

The  iniLffiiutic  susu«{)tibility  of  a,  bar  of  iron  is  equal  t 
Intensity  of  the  induced  magnetism  divided  by  the  strengl 
the  inducing  field. 

SuapensloD,  Bl-Fllar The  suspeasion  ot  4 

Deedle  by  two  parallel  wires  or  fibres,  as  distinguiBbed  fronia 
suspension  by  a  single  wire  or  fibre.     (See  Bi-FUar  Sunp 

§nipension.  Combined  Fibre  and  Spring  - 

— The  suspension  or  &  needle  by  the  oomhined  use  of  a  spinl'^ 
spring  and  a  single  fibre. 

In  this  form  of  suapenEJon  the  spring  is  introduced  between 
the  fibre  and  the  needle.     It  is  valuable  for  maKm 
meters,  and  other  apparatus  exposed  to  tilting  or    rolling 
motions,    because   it   permits  the   instrument  to  be   tilled 
through  several  degrees   without  causing  any   co 
variation  in  the  deficctions  produced  by  the  current  or  t 
diiu'ge. 

Soipenslon,  Fibre —Suspension  ot  a  needle  q 

means  of  a  fibre  ol  unspua  silk  or  other  material. 

A  fibre  suspension  generally  means  a  single  fibre  or  thread. J 
It  may,  however,  be  applied  to  a  bi-filar  suspension. 
Suspension,  Bi'Filar.) 

A  fibre  suspension  is  to  be  preferred  toaptvoC  suspenaioi 
since  it  introduces  far  less  friction.  It  has,  however,  the  d 
advantiige  ot  necessitating  levelling  screws. 

Hiu  I  pen  It  tun,  Knire  Edge The  suspensiM 


A  iHBpension  of  this  kioil  is  U!*eil  in  thi;  (tipping  DKeiU*-,  Hinoc 
it  permits  of  freedom  of  motion  in  a  single  verticail  pituie  only. 

inalOD,  Pivot Suspension  of  a  nei'dle 

by  mcane  of  a  jewelled  cup  and  a.  uitstallic  pivot. 

The  jewelled  etip  is  pluced  above  the  centre  of  gravity  of  the 
needle,  and  jh  BUpiiorto<l  on  a  steel  point.  As  a  rule  coiuiuua 
needles  have  Lliis  variety  of  siippurt. 


Swltcb,  Aalonnfltic  Telephone^^^  —  A  devjui-  for 
trausferhng'  the  cDnncctioii  of  the  main  line  from  the  riiO 
bell  U>  UiP  teU-pbunii  i:iri.-uit. 

Ill  nioat  telephone  circuits,  an  now  arranged,  the  automatic 
switch,  hiwidu  traneferiug  the  main  line  from  the  civil  bell  to 
the  telephone  circuit,  closes  tbe  local  battery  cu-isiut  (if  Um 
tnuiRRiitter  on  the  rtunoval  of  the  telephone  from  itx  m 
ing  hook. 

Thio  tDeans  whereby  tliis  is  nccomplished  aru  hIi 
800.  On  Uie  reiuoTol  of  I  he  titlophon«  frum  t 
the  lover  is  puUeil  upwanln  by  Llie  .ipring  Z 


I  WtTKWAIlT  I 


r  KLKCTSieAT, 


(.■ontacts  1.  2  and  3,  by  winch  the  locnl  b&ttei'y  S  in  flnsRd 
the  circuit  of  the  trunsinitt«r,  the  telephnlie  <IiB<xiniiei4i 
from  the  circuit  of  the  cuH  bell  H,  B.  and  conueotcd  with  U 
circuit  of  the  transmitter.  On  reptaciD^;  the  ti>Iephone  on  tl 
hook  L  Its  weight  depresses  the  h;ver.  I»r«akmg  connectji 
wilh  I,  2  and  H,  and  establishing  <»innet!tiun  with  the  oall  a 

Switch  Board.— (See  Board.  Switch.) 

Sivltch,  Double  Pole A  Mwilch  thiit  muhesi 

breaks  conloi^t  with  both  poles  of  the  I'irciiit  in  which  it 

placed. 

Double-pole  switches  are  used  m  moHt  systems  of  incw 

ilesoent  lighting  in  ord 

to  injure  the  thorough  m 

iiration  of  the  circuit  fro 

the   main   conductor  i 

lends  when  cut  out 

Swfleh. 


-  A  switch  ft 
reversing  the  direction  I 


thi-ough  a  gul' 
■itch  c-onsists  of  four  insulated  bi 
plate  of  ebonite  and  fumisbed  h 
for  plug  coitnectioDH.     The 
two  dia^nally  opposite  segmenl 


A  simple  reversing  si 
segments  mounted  on  ti 
openmgs  between  them 
terminals  are  connected 

asB  and  D,  Fig.  361,  and  the  leading  wires  of  the  gaJv 
oi'  other  instrument,  to  the  other  segments  as  C  and  A.  If  ni 
the  plugB  arc  placed  between  B  and  C,  and  A  and  D.  t 
battery  current  Hows  in  one  directum.  If,  however,  the  plu 
we  placed  between  A  and  B,  and  C  and  D,  the  battery  ci 
rent  will  flow  in  the  opposite  direction. 

The  battery  current  is  cut  off  if  one  plug  is  removed, 
practice,  however,  it  is  perfemble  to  remove  both  pluga,  so 
a  Avoid  uDv  ourreat  from  want  of  suSlcieni  insulation, 
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PHrmpalbellf  VI bradonit.— Vibrations  set  up  in  bodtea 
ivcH  oF  exaoUy  llie  same  wave  length  as  those 
prodiR-eil  hy  the  vihrating  body. 

The  pitt'h  or  tone  of  the  note  produced  by  the  body  set  into 
sympathetic  \-ibration,  19  esat-tly  the  same  as  the  pitch  or  tone 
Kf  the  eicitinff  wnvea  or  vihi-utiODs. 

B  gjTirhronliiiii.— The  simultaneous  occun-ence  of  any    wo 
Bvents. 

A  rotating  cylinder,  or  tlie  movement  of  one  index  or  trail- 
ing urti),  la  brought  into  nynehronism  witli  nnollier  rotating 
cylindi^r  or  another  index  or  trailing;  arm,  not  only  when  the 
J  moving  with  merely  the  name  speed,  biit  when  in 
Idition  they  are  idmullaneuunlif  moving  over  aimilnr  portiotu 
Jr  their  renpfctive  pnthf, 

mtatht^Br^guctStf2>-b!/-'itfp  or  Dial  Telegmph  {SeeStep-by- 
r  Dial  Trlegraph),  the  movements  of  the  needle  on  the 
dicator,  aiv  synchronised  with  the  movements  of  the  needle 
iLthe Manipulator,  lanysteras at FneSimHeTflegraphy^tUe 
ments  of  the  tntnsmitling  apparatus  are  synchronized 
with  that  of  the  receiving  ap|iaiutus.  In  Delany's  Sgnchrc- 
lout  Multiplex  Telegmph  Hyiitem.  the  trailing'-arm  that 
TiovoH  over  a  circidar  tnble  of  conlocta  at  the  tninsmittint; 
s  acc-urati>ly  synchronized  with  a.  similar  trailing-arm 
ng  oviir  a  similar  table  at  the  receiving  end. 
)e1anyi  who  wan  thl  flrst  to  obtain  ri^roua  synchronism 
~  a  Iwo  endd  of  a  telegraphic  line  hundreds  of  milen  in 
gth,  nc(xinipliBes  Uiisliy  thn  ustrof  La  Coup's  phonic  wheel, 
h  the  agency  of  tiirivf^ling  electric  imputnea,  autonial- 
f  ttait  lu  either  direelion  over  the  main  line,  when  i>n>- 
:i  gota  a  short  dislnnce  in  advance  or  liauk  of  Uu' 


nulllplvx    Tvlt-j(rttpli) . 

n-s  Multiptfj-.l 
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System,  Bl€»ck of  Railway  Telegraplij.— 

(See  Block  System  for  Railways.) 

System,   Centlmetre-Gramme-Seeond  — ef 

Measarement. — (See  Centimetre- OmmmeSecond  System 
of  Measurement.) 

Systems  of  Distribution  by  Alternating  Currents. 

— System  of  electric  distribution  by  the  use  of  alternating 
currents. 
Such  a  system  embraces, 

(1)  An  Alternating-Current  Dynamo-Electric  Machine. 

(2)  A  Conductor  or  Line  Wire  having  a  metallic  circuit. 

(3)  A  number  of  Converters  whose  primary  coils  are  placed 
in  the  circuit  of  the  line  wire. 

(4)  A  numb(»r  of  Electro  Receptive  Devices  placed  in  the  cir- 
cuit of  tho  secondary  coil  of  the  converter. — (See  Converter  or 
Transformer.) 

Systems  of  Distribution  by  Constant  Currents.— 

Systems  for  the  distribution  of  electricity  by  means  of  constant 
currents. 

Distribution  bv  means  of  constant  currents  mav  be  effected 
in  a  number  of  ways  ;  the  most  important  are  • 

(1)  Distribution  with  Constant  Current  or  iSeries  Di^ribn- 
tion, 

(2)  Distribution  with  Constant  Potential  or  Multiple  Distri- 
bution, 

In  a  System  of  Series  Di. attribution,  the"  electro  receptive  de- 
vices are  pla<MMl  m  the  main  line  in  series,  so  that  the  electric 
current  passes  sucxH^ssively  through  each  of  them.  In  such  a 
svstem  each  device  added  increases  the  total  resistanc^e  of  the 
circuit. 

In  order  therefore  to  inaintain  the  current  strength  constant, 

independent  of  the  number  of  devices  added,   tiie  electro- 

tiotive  force  of  the  Rour<*e  must  increase  with  each  electro- 

eceptive  device  added,  and  decrease  with  each  electro-  recep- 
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«  device  taken  out,     If  the  number  of  ple(.-tro>rec«ptlv«  tle- 

»  be  freat,  such  a  circuit  la  aecesBotily  vharneieriuiil  by  a 

mpamttvely  high  electro-motive  fort-e. 

I'Since  the,curreDt  parses  succpssivelylhraugh all  tlit^olmAra- 

B  devices,  an  automatic  safety  ilsviiw  i*  nccewury  in 

T  to  automatically  providcaBhorl I'] rtiiil of  coniimralivply 

■  past  the  faulty  device,  anil  thiut  prt^vent  a 

Igle  faulty  deviL'e  from  invalidating  the  action  ol  all  other 

n  the  circuit. 

k  Juv  lamps  are  usually  connected  to  the  Une  circuit  in  senee. 

aSysteniof  JtfufJipif  IKs/ribufdw,  theclectro-rcceptivede- 

s  are  connected  with  the  inumliae  orli^udatn  mull ijilf -are, 

IF  parallel,  so  that  each  device  added  <Uerea»et  the  rtBulance 

f  llm  circuit.     In   order,    therefore,   to   maintain  a    propi-r 

irrcnt  through  the  etectra-ret^ptive  devices,  the  mains  must 

t  kept  at  a  nearly  constant  difference  of  potential.      The 

Bclro-receptive  devices  employed  in  such  a  Bystem  of  dw- 

"mtion  are  generally  of  high  electric  resistance,  mi  that  the 

xluction  or  removal  of  a  few  of  the  electro-receptive  devices 

1  not  materially  alter  the  resistance  of  the  whole  circuit, 

d  will  not,  therefore,  materially  alTect  ttie  remaining  lights. 

'a  this  system  ai.tomatic  safety  devices,  operating  by  the 

n  of  a  readily  iiK-lted  alloy  or  metal,  are  iirovidcd  lor  the 

?  of  previ<ntiRg  too  powerful   currents    from  [MisBmg 

I  any  briiofh  (i>uiiected  with  tlie  rnuin  cttulacton  or 

i<^B  Plug,  Fimiblct 

racent  lam|>s  ari>  generally  connected  willi  the  main 
rs  or  tflods  in  parallel  or  multiple-arc. 
ution  of  incandescent  lumps  by  scries  cunnectiotis  is 
metitne*  employed.    Bui'h  lump*  are  iiHually  i>f  cumpara- 
f  low  rrsistaniv',   and  are  providr^  each  Willi   uii  uulo- 
icotlt-out,  whii'.h  I'HtiihlL-ili^s  a  short  circuit  pof-X  Ihr  lump 
M  buluru  to  prii|H.'rIy  o[Hirutv. 

n  eleclriu  currvnl  through  anyserioi 
t  is  I'Mpi'ndnl  in  ilifTcri-nl  juniona  of 
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llie  L'ircuit.  in  the  proportion  of  the  resistance  of  these  p 
In  any  nystctn.  economy  oi  distnbulioD  necessitates  ihi 
energy  expended  in  Ifie  electro-receptive  devices  mutit  b 
large  a  proportion  as  pra^rlicuble  to  tlie  energy  expen< 
tne  source  and  leads.     In  series  distribution,  this 
lie  ouoompliahed  even  if  llie  resistance  ot  tlie  leads  i8  c 
paratively  high    since  the  total  resistance  o'  ttie  c 
creasefi  with  evyrj'  electro-reoeptive  device  added    Compi 
lively  thin  wires  can  therefore  be  employed,  for  a  very  o 
siderahle  extent  of  territory  covered,  without  considerable 

In  RjsteniK  of  multiple  distribution,  however,  this  is  in 
Bihle  ;     lor,  ninoe   every  electro- receptive   device   added   I 
creases  the  total  resistance  of  the  circiut,  unless  Uie  r< 
uf  the  leads  is  correspondingly  decreased  the  < 
conies  smaller,  unless  the  resistance  of  the  leads  was  oi 
inally  so  low  as  to  be  inappreciable  as  compared  with  the   ' 
change  of  resistance. 

In  systems  of  distribution  by  alternating  currents  this  U 
avoided  by  passing  a  current  of  but  small  sti-ength  and  oon 
siderable  difTerence  ol  potential  over  a  line  connecting  distant 
slations,  and  convertinij  this  current  into  a  current  of  lai^ 
strength  and  small  difference  of  potential  where  it  is  required 
for  use. 

Tachf»graph, — An  apparatus  for  rpcoi'diug'  the  numbi 
of  revolubons  of  a  shaft  or  miiclim>'  per  minute. 

Tachometer,  or  t^peed   Iiidleator,— An    appa 
tor  determining  the  number  of  revolutions  of  a  abaft  or  i 
chine  per  minute. 

Varioiw  forma  of  apparatus  are  employed  for  this  purp 

Tachyphore. — A  term  pro|iosed  by  Wurtz  for  a  s; 
of  electriu  transjiortation,  in  which  a  carna^  of  ma| 
material   is   propelled   by   the  sucking   action    of    soleni 
place<l  along  the  track  and  enerfpzed  in  succession  during  tl 
e  of  the  cur. 


Tangent. — One  of  Uie  trigunonK^trical  fum-Uotis.  (Bee 
( Trigottornetry. ) 

Tnngent  Galvanomeler. — A  guivauometer  in  which 
the  current  strength  pussiag  tliroiigh  the  deflecting  coil  is  pro- 
portional to  the  tuDgent  of  thu  ua^-le  of  deflei^tion  it  produces 
in  the  needle.     (See  Oalvanometer,  Tangent.) 

Tanfenl  Sf^te, — Ascale  designed  for  use  with  ti  galvano- 
meter, on  which  Uie  values  o(  the  tangents  are  ni&rked,  in- 
stead or  equal  degrees  as  ordinarily,  thus  avoiding  the  neces- 
sity of  Hnding  ti'oni  tables  tlie  langentH  coiTesponding  to  the 
degrees. 

Such  a  scale  may  be  conatructed  as  follows:  Draw  the 
tangent  B  T.  to  the  circle,  Fig.  8(13,  and  Uiy  off  on  it  any  num- 
ber of  eqtuiJ  divisions  or  parts  as,  for  example,  the  thirty 
jtbown  in  the  annexed  figure.   Connect  these  parts  with  the 

VnVn  C,  of  the  circle.     The  arc  of  the  circly  will  thus  be 


Idod  into  porix  pro]>artional  to  the  value  of  tlio  tangents  of 
t  ftnffles.  These  parts  are  mure  nearly  ^(|iial  the  nearer 
w  to  B,  and  grow  smaller  and  smaller  the  further  they 
efrom  B.  In  Inngenl  galvanometers,  it  iit  therefore  very 
jnlt  to  ac*;iirat')ly  determine  tlio  i^iirnint  strength  when 
M  deflections  of  the  neeillo  ai'y  very  iiLrgp, 

L  Tap«,  InraliittliK A  rihbon  of  flexlhla  material 

lBpr«Knatnd  with  keritOi  okonite,  rubber,  or  suitable  insulat- 
rial  employed  for  insnlnting  wires  or  electric  con- 
kt  Joints,  or  other  exposed  phu^es. 
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Sometimes  the  tape  is  fomwd  entirely  of  tliA  abeive 

insulatiii^  materials. 

Tapper,  Pooble  giCy>— The  key  wed  in  sjfstomi 

of  needle  telegn^ph  j  to  send  electric  impulses  through  the  line 
in  alternately  opposite  directions  as  desired.  (See  relflgregRl^, 
Single  NeedU,) 

Taryet,  Eleetrte ^A  taiget  in  wfaioh  the  point 

struck  by  the  ball  is  automatically  registered  by  electric  devices. 

A  variety  of  targets  have  been  devised;  generally,  how- 
ever, the  target  is  divided  into  a  nomber  of  separate  sections, 
provided  with  circuits  of  wires  on  the  i^a^wg  or  breaking  of 
any  of  which,  by  the  impact  of  the  ball,  the  section  struck 
is  automatically  indicated  on  an  electric  €umuneiator* 

Teazer,  Electric  C^urrent A  name  employed 

by  Brush  for  a  field  magnet  shunt  circuit  around  the  external 
circuit  of  liis  dynamo-electric  plating  machine.  (iSee  Dynamo- 
Electric  Machine,  Shunt.) 

Tel-Aatograpli. — A  telegraphic  system  for  the  f ao-simile 
reproduction  of  handwriting. 

Tele-Barometer,  Electric An  electric  record- 
ing barometer  for  indicating  and  recording  b{ux>metric  or 
other  pressure  at  a  distance. 

Telegrapbf  EiCHStrlc An  apparatus  for  the 

electric  transmission  of  signals  between  stations  connected  by 
electric  conductors. 

Various  systems  of  telegraphy  are  in  common  use,  all  of 
which,  however,  consist  of  various  forms  of  the  following 
apparatus,  viz. : 

(1)  Transmitting  Apparatus,  by  means  of  which  electrical 
impulses  are  sent  into  the  line. 

(2)  Receiving  Apparatus,  by  means  of  which  the  electric 
impulses  are  caused  to  produce  visible  or  audible  signals, 
which  may,  or  may  not,  be  permanently  recorded. 

(8)  A  Conducting  or  Line  TTtre  connecting  the  two  stations. 
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If*)  Main  and  Local  Batterks  for  producing  the  currents 
tnployed  in  the  traDsmiasioa  aad  receptiua  of  the  signals. 
(5)  Various  Relays  and  Repeaters,  empToyed  on  long  lines, 

in  order  to  permit  adilitional  local  batteries  to  be  used  to  carry 

the  electric  impulses  over  longer  liuea  than  could  otfaenviee 

be  employed. 
TelcKTaphio  Code.— (See  A/phatei.  Telegraphic.) 
Tclc|[ruphic  Einlioi§er.— (See  Embu»»eT,  Telegraphie-'f 
Telegraphic  Joint*.— (See  Joints.  Telegraphic.) 
ToIegTHphie  Sleedle.— (See  Ifeedle,  Telegraphic  ) 
Telegrapble  Switch  Board.^-A  device  employed  at  a, 

telegraph  station  by  means  of  which  any  iiiie  of  a.  number  of 

tekgraph  instruments,  in  use   at  that 

station,  may  be  placed  in,  or  removed  . 

fi-om,   any   line    connected    with   the  | 

In  the  Bwituh  board  sliowii  in  Tig. 
3113,  th«  upper  left  hand  binding  post  1 
IS  connected  to  eiulh ;   the  four   re- 
maining bindinj,'  posts   are  connected  J 
to  two  separate  instruments.     Th«  si 
ond  and  third  from  tlie  top,  to  o 
instrument,  and  the  fourth  and  fifth,   ' 
to  another  mstrunient    The  (our  posts  ■""' ""' 

at  the  top  of  the  figure  are  eonnecte<l  1o  two  lines  runmng 
CiLst  and  west. 

Various  connections  are  made  by  the  insertion  of  pins'  l<eys 
in  Uie  various  openings. 

Telesrapliy,  American  or  IMortic  Sfiitcni  or 

— In  the  Morse  system,  its  now  generally  employed  in  America, 
the  transmitting  apparatus  consists  essenlJaJly  of  a  telegivphie 
keg,  by  means  of  which  the  maiu  hne  circuit  can  be  readily 
made  or  bi-oken  in  accordance  with  tlic  dots  and  doj^hea  of  the 
Morse  Alpht^ct.    (See  Alphabet,  Morxe.) 
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A  niet&llic  level-  A,  Fig.  it04,  \n  ouppurtcd  on  a  pivot  •!  0, 
betweun  two  aet  screws  D,  D,  su  us  to  hsro  a  slif^ht  iiiuv». 
ment  in  a  vertit^oi  plane.  Tliia  roi>tion  is  liiiillMl  in  one  dine- 
tjon  by  ustop  at  C',  called  the  anvil  or  front  aintaet,  uiil  la 
tlie  other  riirectioii  hy  a  set  screw  F,  whir.ti  comUUiIi*  lli 
back  xtup.  Tlie  Iront  stop  C,  Is  pi-ovlduil  wjtii  a  ploliautn 
[x)atiu.'t  or  slud,  which niuy  Ue  broug'ht  into  coDtoct,  with,  or 
Hepnmtcd  (roin,  r  similar  fttud  plained  dirpclty  opposil*  U. 
Thiisi-'-nntiitUurecuuii'-HrKl  to  Uu^cndsof  the.  cin-iiil,  eo  Out 


ovpmenU  of  Ihc  key,  liy  the  huDil  of  lh«  npnnUoi 
pliiocd  ou  thi-'  iiutiilfttiii)  Ui<ad  B,  tha  line  is  closoi)  nnd  brolCFii 
in  accordaiict-  with  tlio  dots  und  dnshes  uf  Uir  Morsi-  tilphafaet. 
A  B|irin(,',  the  pleasure  of  which  la  fngidfitcd  Ijy  the  screw  P, 
is  provided  for  the  iipwoiil  niovenmnt  of  Uiu  kuy.  A  switch 
H,  is  provided  (or  clusing  llie  line  whon  tlio  key  is  noiiti  luo, 
sine**  thu  systciti  ub  gcnertUiy  uacd  in  tlic  United  SlitUm  tfae 
line  Ls  opcrulcd  on  rhmcit  circuit. 

Ill  Mi^  Morae  systum  euuh  etution  is  prtividod  with  a  luy, 
relay,  sounder  or  rtgUter,  anil  a  IuchI  faattvry.    Tim  cIimimI 

innnctjng  one  station  witli  uiiolliei-,  h 
10  opL'Uiiig  of  tlie  swilfh  n,  uu  tliu  working  o: 
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a  tUlU<.'loiwitscontai.'ta,  tlie  urrnutiirp  of  the  relay  opeas 

or  closes  the  drouit  of  tlie  lo<-^1  battery  rtnri  uperutes  the 
auandfr  or  regiftfring  npjmiiitiiK  connertwl  tiierpwith.  (See 
SvHitfter,  Tflegrajthic.    Regi'sli-ring  Appanitiig.  Teletjrajihic.) 

^H^el«|pwpti)r,    Aul»mikll<- Apriaratus  I>3' 

^^^HftiMorirhk'h  Hleletrraphli:  niessugi?  is  aiitumuticiLllj'  truns- 
^^HH«d  bythe  molioti  of  u  [>reviou>ily  |ierrorati;(l  HUet  ot  paper 
^^brtnining  perforutjons  of  the  >ibii{>s  and  ordM-   required  to 
form  the  measa^e  to  be  trAiisn)itt«d. 

Tbi?  paper  piissea  betw(!«n  two  terminals  ot  the  main  line, 
ttic  circuit  ot  which  is  completed  when  the  terminals  come 
iritocontnctat  the  perforftted  paria,  and  is  broken  when  sepii- 
ruted  by  tJie  pai>er. 

Tli'-iidviintii^^  of  the  automatic  telegraph  arJBR  from  the 
fnol  that  tiince  tile  paper  (illets  cau  bg  prepared  beforehand. 
■  :n-it.t  speed  is  uttiiincd  by  their  aid.  In  the  autoraatio  ti^le- 
.  r:tph  some  form  »t  ivjjfistcring  ap|«iraliis  is  employed. 

Typu-printing  t#legrapliH  are  often   used    Cor    registering 
mj^araitus,  in  wtitvli  case  the  inipulsen  reijuired  tor  tlie  tr»n»- 
"    '   n  of  the  dilforent  letters  are  automatically  scut  iuto  the 
y  tliR  deprcaeiou  of  corresponding  keys  on  a  auitulily 
iged  key-bourd. 

Vvtcvraphy.   Clivinivul     — ~ — (See  lUcoriier, 

H  Chemieal.) 

Vi-lcgrapliy,  Dial {H^e  Telegraph.  Slfp-by- 

>■) 
'elccTuphy,   Duublv    Nvcdlv A   syslein   nf 


[tiia  aysttuu  ilillGra  from  tiie  siugju  iioe 

.wo  needles,  entirely  ind<-{H>ndRnt  of  i.-actt  a 
>id«i  by  sido,  on  Ihc  )«amn  dial,  so  oa 

Ir  siniultiulijotis  operatiou  by  the  ri^jit  and  l«ft  L 
Bor-h  needle  has  thernforu  a  aeparata  « 


inoreaee  in  qMetl  of  sig-Daling-  tbus  oblaineil  is  Dot,  howeTM', 
BuiBclentl^  gnat  t»  L-.iliinct;  the  increiD^ed  ex|)e)i«e  vt  u 
Btruction.    Single  needle  iii^trumeots,  tliereforu,  are  prtJemd 
to  tliOM  with  tw*. 

Tdeinvhr.   Dlplez A  method  of  atmmi- 

taoeously  Beading  twom«Magesimthe  taMadn«ctkmoT«» 
Bingl«  wiro. 

Tm^ugrmpkr,  Dtqriu Derioea  wbara^j  fan 

telegr&phic  messagM  can  be  rimvfltuMOUsly  tnasmittad  ont 
a  aihgl«  wire  in  qppotite  dlrectioiii. 

TariouB  duplex  telegn^iha  h&Ts  been  devisod. 

The  £rul|;«  DupUx  is  shown  in  ¥ig.  86S.  Tha  receiviiig  »• 
1^  ia  placed  in  the  cross  wire  of  a  Wheatatone'9  balance. 
(See  Batance,  Wheaatone'a  Electric) 


D   D 

When  the  ends  of  this  cross  wire  are  at  the  same  potential, 
which  will  occur  when  the  resistances  in  the  tour  armsara 
proportionally  equal,  no  current  passes. 

The  battery  is  connected  through  the  transmitter  K,  which 

is  arranged   so  that  the  battery  contact  is  made   beforo  the 

wnnection  of  the  line  to  earth  is  broken,   to  H,  where  the 

ircuita  branch  to  form  the  arms  of  the  bridge.    Adjustable  r»- 

«nces  A,  B,  are  placed  in  the  two  arms  of  the  bridge.    The 

f  wire  L,  connected  as  shown,  (onus  the  thiril  arm  and  a 
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iroUier  uiijustalile  rpsistanc-fi  E,  oonnected  to  acon- 
(laBhawn,  forms ttie  fourth  lu-m.  {See  Rheostat.)  The 
»I»y  Ml  is  placed  in  the  cross  wii-eot  the  bridge  thus  formed. 
lall  resistaucos  V  auA  W.  ure  placed  in  thu  circuit  of  the 
r-bftlteT  to  prevent  injurious  short-circuiting. 

A  similar  disposition  of  nppiiratus  is  provided  lit  the  other 
end  of  the  line.    If,  now,  the  four  rcsiatuoc^s  at  one  end  are 
suitAbly  adjusted,  the  relay  will  not  respond  to  the  outgoing 
r  current;  hut,  since  an  earth  circuit  ia  employed,  it  will  re- 
>Dd  to  tiieincomingcuri'ent     The  relay  at  either  end,  there- 
it  will  only  respond  to  signals  from  the  other  end.     The 
^mtor  may  thus  signal  the  distant  station  while,   at  Ihe 
me  time,  bis  relay,  not  being  alTected  hy  iiis  Bending,  in  in 
IS  to  receive  signals  from  the  other  end. 


1 

1^ 

] 

'^ 

7^ 

■■v>                 :     '  (f^ 

T«le«ra|ih),  ruoSlmllv,  «r  Auiograpblc  — 
Rlllelu|n-uph>.— Apparatus  whereby  a  /a(--8i?7(ffe  o 

•  dwrt,rfin(;miii.or«iflno(iireistelegruphicallytraiism. 

BUI  Oiie  station  tu  another. 

^akeweirs  Fac-Bimile  Tekgraph,  whiuh  was  one  of  the  ^ 

nrised,  consiataof  twosimilar  metal  iiylindere  c,  c*.  i 
ftt  the  two  widH  of  a  telograpli  Una  L,  at  M  and  M",  n 
In  Fig,  366.    These  cylinders  are  synch ronoosly  rotated  i 
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provided  trith  metaillic  arms  or  Irocers  r,  r',  p1iu:e<l  oa 
horizontal  screw  id  the  line  circuit  and  moved  lateroJl;.  on 
the  surface  of  tlie  cylinder  on  ite  rotation 

At  the  traasmittin^  alation  ths  cliart,  writing',  or  othi 
deaigu  is  truccd  with  varnish,  or  otlter  nou -conducting  liquii 
on  the  surface  of  the  metallic  cyhnder,  as  at  if,  and  a  abo 
of  chemically  prepared  paper,  eimilar  to  that  employed  in  Q 
Bain  Chemical  Byitlem  is  placed  on  tlie  surface  of  the  receii 
ing  cylinder  at  M'.     (See  Recorder,  Bain's  ClitmioaL) 

The  two  cylinder  being  synclironously  rotated,  the  metad 
tracer  breaks  the  circuit  in  which  it  is  placed  when  it  m<n 
over  the  non-conducting  lines  on  the  cylinder,  Hjid  thus  caul 
corresponding  breaks  in  the  otherwise  continuous  blue  epit 
line  traced  on  the  paper-covered  surface  ti(  M'. 

The  telegraph   keys  at  R,  R',  are  used  for  the  purposes  a 
ordinary  telegraphic  communication  before  or  after  the  ri 
is  transmitted. 

^selU'e  Pan-Telegraph  is  an  improvement  on  Bakewell' 
Copying  Telegraph.  Better  methods  arc  employed  for  mai 
taiuing  the  synchronism  between  the  transmitting  and  i 
ceiving  instruments,  for  wliich  purpose  a  pendulum,  vibratil 
between  two  electro  magnets,  is  eniployed. 

Telegraphy,  PIre  Alarm A  system  of  ta] 

graphy  by  means  of  which  alarms  can  be  sent  to  a  centr 
station,  or  to  the  lire  engine  housee  in  the  district,  from  ci 
boxes  placed  in  the  hne. 

The  alarms  are  generally  sounded  by  an  apparatus  simQu 
to  a  district  call,  so  that  the  pulling  back  of  a  lever  rotat«a  a 
wheel,  by  means  of  which  a  series  of  makes  and  breaks  are 
produced,  the  number  and  sequence  of  which,  enable  the 
receiving  stations  to  locate  the  pai^iciUur  box  from  which  IJ 
signal  is  sent. 

In  the  case  of  some  buildings,  the  alarms  are  automat 
and  either  call   tor  help   from  the  central  office,  oi 
watchman  in  the  building,  or  else  turn  on  a  series  < 


10  or  jetfl,  ill  order  to  exliii^^uiali  the  lire.     la  these  (.■(laes 
e  used.     {See  Tfu:rmo»tals.) 
ly.    Ciray'*    narmonlp    Multiple 

— A  system  for  tlie  Bimultaneoiis 
mission  of  a  number  of  Hcparntc  and  distinct  musiciLl 
,  over  ii  BiiifTle  wipp,  which  sxiJiimle  tones  lire  utilized 
le  Btmuttaneous  trunsriilKsioii  of  an  equal  number  of  t«le- 


Beparete  tones  are  thrown  inio  the  lines  by  ineiiM 
ot  tuning  forlca  aatomatically  vtbrat«d  by  eluctro-nitigneta. 
These  forks  interrupt  Hie  circuit  ot  butteries  connected  wiUi 
tbe  main  line  at  the  transmitting  end  of  the  line.  The  com- 
lite  tone  tbua  fonned,  iseep&rated  into  its  component  tones  by 
ringelectro-ma^rnetacnJlod  ffarmonic  if  fwirer*.  the  urm- 
of  *»ch  of  which  consist  of  a  sleel  ribbon  or  plate  tuned 
e  ot  the  aepanite  notes  sent  into  the  line.  As  the  com- 
plex or  undulntory  current  passes  tliiMii^h  tbe  coils  of  each 
hannoiiik^  roccivpr,  that  note  only  atTpct«  the  particular  nrAa- 
liu*  Ihut  vibrates  in  unison  with  its  ribbon  or  reed.  The  op- 
erator. Ihererore,  at  this  receiver  is  in  communication  only 
with  the  operator  at  tlie  key  of  the  circuit  that  is  sending  this 
particular  not«  into  the  line.     The  same  is  true  of  the  other 


L  The  Uonw  alphabet  Is  used  in  tliis  system,  the  dots  and 

ibes  being  ivceived  as  musical  tones.     In  practice  it  wns 

d  that  there  was  uo  dilRciiltyln  each  operator  recognizing 

I   pailicular   sound    of  liis   own  instrument  in   receiving, 

h  many  instnunenU  were  in  the  same  room. 

■raphr,   InduvlloD A  system  for 

rapliing  by  induction  between  moving  trains  and  itxpi) 
a  a  railroail.  by  means  of  impulses  triLnsmittud  hy 
between   the  car  and  a  wire  parallel   witli    tbe 


n  suolt  a  sjnrtf  m,  tnodudjng  v 


s  directly  conoeoting  tl 


sa&  A  i>icTniKXRy  o?  Electrical 

the  signals  ai'e   veceived  bj*  meaDn  of  iaduotJoa  elTecU  )iro> 
din'pil  between  the  moving  ti-oin  and  tJis  fixed  atatiou. 

Two  sjst«nis  of  imluctiva  telegraphy  are  in  BL-tutil  use,  v 

(t)  The   Static   Induction   System   ol   W.    W.    Sinith   i 
Edison,  anil 

(3)  The  Current  or  Dynamic  Indtiction  System  of  Wife 
laughby  Smith  and  Lucius  J.  Phelps. 

In  the  Sy»teni  of  Static  Induction,  one  of  ttie  oondeiwii 
surtaceH  which  receives  or  produces  Ihe  cliarg^,  consists  ol 
wire  placed  on  the  road  so  as  to  come  as  near  the  top  af  U 
c&re  of  the  moving'  tmiu  as  possible.    The  other  condei: 
surfai.'e  is  composed  of  the  metal  roofs  of  the  moving  o 
Each  condensing-  surface  is  connected  to  suitable  instrami^ati 
and  batteries,  and  to  tlie   earlli ;  the  line  wir«  at  ths  fl 
station  being  connected  fo  earth  through  a  ground  plate,  aa 
the  metal  roof  of  the  cars  to  earth  through  the  wheels  und  ti 

Under  th^e  circumstances  variations  in  the  chiu-ga  a 
either  of  tlie  condensing  surfaces  produce  inductive  impulse 
that  are  received  by  the  other  surface  aa  telegraphic  signal) 

The  Horae  alphabet  is  employed,  but  in  place  of  the  « 
dinary  receiver  or  aouader,  a  telephone  is  used. 

In  the  System  of  Current  Induction,  the  line  wire  is  place 
near  the  troclc,  so  as  to  be  parallel  with  a  coil  of  insulate 
wire  placed  on  the  side  of  tlie  car  and  which  r 
ductive  impulses.     The  coil  of  wire  on  the  train  i: 
with  instruments  and  batteries,  and  forms  a  nietalUo  cin 
.  The  line  wire  is  also  connected  witli   suitable  batteries  Ml 
receiving  and  transmitting  instruments. 

An  induction  coil  is  generally  employed  since  the  great! 
and  more  rapidly  varying  difference  of  potential  of  its  second 
ary  wire  renders  it  better  suited  for  producing  effects  of  indiu 
tion.  A  teleplione  is  employed  as  a  reteiver,  as  in  the  systei 
of  statiu  induction.  The  metallic  cor  roof  and  tlie  Iowa 
truss  rods  liave  been  successfully  used  us  the  primary  ■ 
secondary  c 


■s  of  the  inductiun  coil. 


I-  The  ikutomatic  luabe  aai)  break  used  (or  operaUag  tlit^  in- 

udion  coil,  LSiuseii  ILe  Morse  chanu-'U'ra  eniployed  in   this 

n  U>  bt'  received  in  tlie  reoeiving  lelpphone  aa  slirill  1jn»- 

g  Bounds. 

[  The  reo«ivin^  t«lephon»i  iised  on  the  trains  have  u  resist- 

e  of  about  1,000  olims. 


I  Telegraph)',  MnlUplex  - 


ABystam  o(  Icle- 

rsphy  for  Uii;  situ  ill  tan  oo  us  Irtinsniissiou  of  more  than  four 
»I>amte  inesaagi'S  over  a  aiTigle  wire.    (See  Telegraph,  Syw- 

r,  MiMijiteJ:) 


rapliy   in   wliicli   llm  inussages   retx 
Hpar  nilot. 
I  In  CtiUaiian's   Printing   Telegnipli. 


—A  system  o(  lel- 
I   ure  printed  ou  a 

)   type   wheels   are 


sss 
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emploj^,  one  of  which  i-ArrioB  letter  type  lutd  the  ottier 
numcraln  on  its  ciruumtercnce.  Theue  priHting  lehttU  ait 
plai-oil  alunj^i<)e  of  OAi'h  other,  us  shown  in  Fig.  307,  but  on 
Ropiunti:  unil  indi.-pondi^nt  ilxds. 

Tliu  tyiM'  whi^Os  are  movmi  by  a  Mejt-bff-Ktejt  device.  When 
th«  pn>iHT  l.'ttcr  or  niimi'ral  ist  n'achod  at  tiio  rtn^eiving  end, 
the  printing''  wheel  in  stopped,  and  a  paper  fillet  is  pressed 
ti^inst  iti  Rurriu'c.     The  printing  wheel  is  kept  covered  with 


ink  by  means  or  an  inked  roller. 


Th'-  IruiisTiiittirifT  iiistmment  is  similar  in  its  opentioB  to 
tlie  llri!^'iii?l  Miiiiijiiiliitiir.  Separata  transmitters  ara  UNd 
'oroiich  of  llie  wires.    (Sco  Tehgraphy,  Step^igSUp.) 

Telegraphy,  <lunilruplos ——A.  qratan  tat 

I  sinluItlLn■'nll^<  l<>lej;raphiu  transinissioa  of  four  HHHlgM 

*  n  sinjrie  wi,-o. 
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ra  various  systems  of  quiulniplex  telegraphy.  For 
«  details  of  their  opemtiua  the  atuilenl  is  referred  to  stand- 
d  books  OD  telegraphy. 

B'Tele^apbf,  Single  Ni'«dle ■ ~  —A  systeni  of 

Ifigraphy  by  mnaoR  of  which  the  signals  truttsmitted  are  re- 

ouvpil  by  observing  the  raovemeiifa  of  a  vertical  needle  oveir 

a  iHal. 

Movements  of  the  top  of  tlie  needle  to  the  right  of  the 

^(ibserver  n^prteeut  th<?  diishes,  and  movements  to  the  left,  the 

^BftDta  of  the  Horse  olphabeL 
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The  movements  of  the  needle  to  the  right  or  the  left  are  ob- 
tained by  changing  the  direction  of  the  current  in  the  coils 
C  C.  This  is  effected  by  working  the  handle  when  send- 
ing, and  thus  moving  the  commutator  at  S,  8,  and  bringing 
the  contact  springs  resting  thereon  into  different  contacts. 

In  the  more  modem  form  of  Single  Needle  Instrument, 
shown  in  Fig.  870,  a  single  magnetic  needle  N  S,  Fig.  871, 
only  is  placed  in  the  coil. 

This  needle  is  rigidly  attached  to  a  light  needle  a,  b,  used 
only  as  a  pointer,  and  is  alone  visible  in  the  front  of  the  figure 

on  the  left    The  relative  disposition  of  these 
needles  is  shown  in  the  drawing  on  the  right. 

The  reversals  of  the  current,  required  to 
deflect  the  needle  to  the  right  or  left,  are  ob- 
tained by  means  of  a  double  key  or  tapper, 
shown  in  Fig.  872. 

The  levers  L  and  E,  are  connected  respect- 
ively to  line  and  earth,  and,  when  not  in  use, 

rest  against  C,  connected  with  the  positive 

side  of  the  battery ;  but  when  depressed  con- 
B  nect  with  Z,  attached  to  the  negative  side  of 

the  battery.  The  depression  of  L,  therefore, 
sends  a  negative  current  into  the  line  and 
deflects  the  needle,  say,  to  the  left,  while  the  depression  of 
E  sends  a  positive  current  into  the  line  and  deflects  the 
needle  to  the  right  The  terms  jyositive  and  negative  currents 
are  used  in  telegraphy  to  indicate  currents  whose  direction  is 
positive  or  negative. 

Telegraphy,  (Speaking A  system  for  the 

telegrapliic  transmission  of  articulate  speech.  (See  Tele- 
phones,) 

Telegraphy,  iStep-by-Step A  system  of 

telegraphy  in  which  the  needle  of  a  dial,  or  the  type  wheel 
of  a  printing  telegraph,  is  moved  step-by-step  by  electric 

npulses  sent  over  the  line.  (See  Telegraphy,  Needle  or  Dial.) 


Flg.S79 


TolcfTMphjr.    Sulnnarlnc  - 

lelegrrnphy  in  whicli  the  line  wire 


consiats  of  asiib-marini 


.  In  long  Hub-raarine  cables,  in  order  to  Rvoid  rflardation 
n  the  aeU-indu(?UoD  of  tho  current,  and  tlie  Eialic  chnrge 
irising  (rum  the  cable  actiitg  as  a  coodiMiHer,  veiy  huiuII 
J  used.  To  detect  ttipse  a  very  aenaitive  receiv- 
ing instrunieiit,  such  as  the  mirror  galvanometer,  or  tho 
iphon  rwwrrfer,  is  employed.  (See  Oalvanomcter,  Mirror, 
oorder,  Siphun.) 
Acooniiiig  to  Cul]ey,  the  retardation  in  the  cnsc  a{  od>>  of 
(be  sub-marine  cables  between  Ncwfoiindltuid  and  In.dunil, 
mla  b>  twa-tenth»  of  a  aecond  bvtore  a  BiKiial  srnl  fnini 
I  end  proiiuces  any  apprccinble  effect  at  the  oilier  end, 
vbile  three  Krconda  arc  required  for  the  current  through  tho 
BBbiB  to  gain  its  full  Hlrength. 

Tclcgrnph}',     Sjmchronoati-Mulllplex,   

Delonf*  S>-»ICin.— A   Hystem   devised  by  Ikdany  for  lh<- 
stniidtani^ous     lelegrnphic     tninHniiHsion    of    n    niitnhrr    of 
I   either  all   in   Ihe  Hani'!   dir<-clirin,    or   part  in  ono 
«tion  and  the  renuiind'-r  in  the  oppOHlli^  direction, 
ha  Delany  Bysteiii  rmbiiuses  the  following  partM : 
)  A  circular  table  of  altArnnti-ly  tnxulatod  and  ffmuniXnA 
mtaols  at  either  end  of  a  t«lvgraphio  line. 
I)  A  iqmclironixei)  rotating  arm  or  f  ruiling  eontnct,  at  «ach 
d  of  tho  line,  driven  by  a  phanip  whtrJ,  and  nuiintalned  In 
rnchroDous  rotation  by  nituuia  of  i?lui-trl<-  ImpulHR*  autniunili-- 
f  Mat  out  over  thit  miiin  Imn  In  either  dircNiliun,  on  tha 
■oof  the  wIiptI  ut  either nnd  lorotati^aynuhronoiuily  with 
A  at  the  otbnr  nniL 

I)  TntOAitklUing   and    recelvinji;    iiurtniniAabi    mnnactlnK 

krcontoctnataiiJieadofllw  ir>alnlin>',  and  formlttt;  prac- 

r  MiMtrntn  aud  iadrpMiilinit  liou>  for  tho  luniiiHaMMiM 

Biaa  of  disiMliuhea  ornr  llto  inulii  liM  lu  *ltJi«r  dlrao. 
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The  main  line  is  simultaneously  oonneetod  at  both  of  fis  ends 
to  corresponding  operating  instruments,  and  traosfemd  from 
one  set  of  instruments  to  another  so  rapidly  that  the  operators, 
either  sending  or  receiving,  cannot  reftliise  that  the  line  has 
been  disconnected  from  their  instruments  and  given  to  others, 
because  each  of  them  will  always  have  the  line  ready  for  use, 
even  at  the  highest  rate  of  manipulation,  and  will,  therefore, 
to  all  practical  intents  and  purposes,  have  at  his  disposal  a 
private  wire  between  himself  and  the  operator  with  whom 
he  is  in  communication. 

Therefore,  although  more  than  one  operator  may  be  spoken 
of  as  simultaneously  using  the  line  at  any  given  time,  yet 
in  point  of  fact  no  two  operators  are  in  reality  absolutely 
using  it  at  the  same  time;  but  they  follow  one  another  at 
such  short  intervals,  and  the  line  is  taken  from  one  operator 
and  transferred  to  another  so  rapidly  that  none  of  them  can 
at  any  time  tell  but  that  he  has  the  line  alone,  and  that  there- 
fore it  is  pi*actically  open  for  the  use  of  every  operator  just  as 
if  he  alone  had  control  of  it. 

There  will,  therefore,  be  established,  by  the  use  of  a  single 
line,  as  many  private  and  separate  lines  as  there  are  trans- 
ferences of  the  line  from  the  time  it  is  taken  from  the  first 
operator,  and  again  given  back  to  him. 

This  system  has  been  extended  to  as  many  as  seventy-two 
distinct  and  separate  printing  circuits,  maintained  and  operated 
on  a  single  connecting  line  wire. 

Fig.  873,  shows  the  apparatus  at  each  end  of  the  line,  at  the 
stations  X  and  Y.  The  apparatus  at  each  end  is  substantially 
identical.  A  steel  fork  a,  at  each  station,  is  automaticaUy 
and  continuously  vibrated  by  the  action  of  the  local  battery 
L  B,  and  the  electro-magnet  A,  called  the  vibrator  mcignet. 

Platinum  contacts  x,  a^,  placed  on  the  inner  faces  of  the 
tines  of  the  fork,  make  and  break  contact  with  delicate  con- 
tact springs  ^,  y^. 

The  fork  being  mechanically  started  into  a  vibratory  mo- 


\  Kon,  will  antoTnatically  make  and  hreuk  ils  local  ciiruit,  nmi 
I  thus  Bend  iui|iul«es  inio  thp  fork-magnet  A,  tlint  will  contlnu- 
I  diikI>-  miuntain  the  vIbrnMons  of  the  fork,  m  n.  well-known 

Tlia  nitiking  and  breaking  of  tlie  oontacts  r  and  y.  uoiiBe- 

I   quuot  on  thr  fork's  viliiiition.  opeiui  and  closes  a  ciri^uit  of  an^ 

L  othorlocnl  battery  called  the  motor  ctrciitt.  iD  whieh  is  placed 

electro 'nta^rnet  D,  l.hc  fiinrf-ion  of  which  is  to  maintaiu  Ihe 

I   uontinuaua  rotalioa  ot  tliu  transmission  apparatus  C. 


iFd'r' 
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biodiiig  posts,  carries  a  vertical  rotary  Bhuft  F.    A  circular 
tablo  F'.ia  proviUed  with  (      ---    *  ■      ■  -  ■        •     ■ 
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rm 


»epB  aroimd  Iho  circular  table  F',  and  is  bronght  suceesa- 
y  into  contact  wilh  the  insulated  cont net-pieces  placed  on 
Uie  upper  fncn  of  tlie  tatilo  F'. 

The  tasua  line  Q,  Q,  li»s  one  of  its  ends  connected  wUh  the 
truiliiigilnger/.     As  Jlieithaft  F,  rotnleH,  the  line  is  therefore 
brought  into  HUccessive  electricnl  con n<<clion  with  the  series 
I  ol  insulated  contat-'ts  in  the  upper  face  of  the  tjiblo  F'. 

Any  BUi table  number  of  iDsiiIttled  coulaclE  maj  be  placud 
t  tha  drculur  table  F'  i  sixty  are  sliown  m  Fig  378  In 
icticc  these  contucta  are  connected  in  accordance  with  the 
nniber  of  ciii'uit8  which  it  is  desired  to  siniultaapously 
BintHlu  on  liiu  same  wire.  In  the  special  cu.se  nhown 
.  the  figure  referred  to  above,  it  is  arranged  so  that 
rr separata drcuitsaholHie  established  on  the  same  line 
The  8l«ly  contacts  are  plao^d  in  six  independent  series, 
mbrrcd  from  1  to  10,  oonaecutively.  In  the  arrangement 
«  shown  two  of  the  contact  pieces  iu  each  seri<«  of  ten 
■  connected  In  t)ie  same  circuit,  and  us  there  are  six  series. 
1  of  the  circuits  so  cannc<Tted  will  have  twelve  contacts 
^Mtch  rotation  o(  the  dist'.  and  twelve  electrical  impulseB, 
^  will  be  »n«rwurd8  described 

n  dntnilcil  mci^luinism  by  means  of  which   the  separate 

i  Independent  c-i]i;uit»itoobtaiueil  lU'ciitiliEed  fur  the  Irans- 

uaud  reception  of  mi>ssH4,i>B  is  shown  in  Fig.  37(1     R. 

e  polanind  relays;  8,  8',  S>  iind  S'  are  ordi- 

lijlltbotvh  in  the  praj?liie  of  Ibis  inven- 

at&troduced  iu  rinim-ctiim 

j^^pnoections  with  the 

•  clearly  nbown 
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Withont  further  describing  the  oper*tionof  thfltnBtmmmti 
shown  in  the  figure,  it  need  only  now  be  borne  in  mud  thit 
the  corresponding  relays  at  the  tbstant  stationB  ore  connected 
with  the  correspondingly  numbered  contacts  When,  there 
fore,  the  traihng  contact  finger  at  each  station  simultaneously 
touches  the  contacts  bearing  the  some  number,  the  com- 


spondinginstrumontR  connected  with  these  contacts  at  each 
station  will  III'  placed  in  commiinicatJon  over  the  mam  line, 
the  trailing  t(mta<t  finger/,  completing  the  connection  of  the 
mam  Une  with  the  contact  arm  in  the  mutaer  already  de* 
scribed. 


Telcfrraph}-,  Time 

graphic  transmisHion  of  time. 


—A  system  twttte  tde- 
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TeleBDieter.— An  apparahu  for  electrically  indicatiiig  and 
recording  at  a  distance,  the  presmue  on  a  gauge,  the  reading 
of  a  thermometer,  or  the  indications  of  similar  instruments. 
(See  Teie-Barometer,    TeU-Manometer,    I^ele-Thermometer,) 

Teleplierage. — ^A  system  (Fleeming  Jenkin)  for  the  con- 
veyance of  carriages  suspended  from  electric  conductors,  and 
driven  by  means  of  electric  motors,  that  take  direcUy  from 
the  conductors  the  current  required  to  energize  them. 

Two  lines  are  provided,  an  up  and  a  down  line,  that  cross 
each  other  at  r^^ular  intervals.    Each  line  is  in  segments,  and- 
the  alternate  segments  are  insulated  from  each  other,  but  are 
connected  electrically  by  cross  pieces  on  the  supporting  posts. 
In  this  way  the  line  shown  in  Fig.  883,  is  obtained. 


v\ 


■■•^    %     ""    Y~^     |o 


i^.  S&9. 

The  two  lines  are  maintained  at  a  difference  of  potential 
by  a  dynamo-electric  machine  at  D,  Fig.  883,  As  the  train  at 
L  T,  or  L'  T,  is  of  such  a  length  as  to  come  into  contact,  with 
two  different  segments  at  the  same  time,  it  receives  a  current 
sufficient  to  run  the  motor  connected  with  it,  the  current  being 
received  through  a  conductor  joining  a  pair  of  wheels  that 
are  insulated  from  the  truck. 

The  general  arrangement  of  the  line  is  shown  in  the  an- 
nexed Fig.  881. 

Teleplftone* — An  apparatus  for  the  electric  transmission 
of  articulate  speech. 

The  articulating  telephone,  though  first  brought  into  public 
use  by  Bell,  was  invented  by  Reis,  in  Oermany,  in  1861.  In 
America,  after  very  protract^  litigation,  Bell  has  been  decided 


pilly  to  be  the  Rrat  mventur,  but  BCi^ntillc  in«D  very  gen>'r- 
/  reoog-iilze  the  phnciplns  of  the  invL-nliou  lo  be  liilly  aii- 

idpated  by  tlie  eorlirr  IniitrumeDts  o(  Reitt.     Bell,  however. 

S  justly  entitle"!  to  credit  lor  bts  improremmtK  in  the  Bnls 

^  In  Bell's  Maffaeto-Electrie  Telephone,  the  trunstuitting  and 
living  iDstruiii'-iilB  are  ideuticu].    A  coil  C,  of  insuIMi'il 
rvith  tht?  line,  is  placed  OR  acore  or  niiMCnetlwil 
ic\,  moiinlfd    opposite  the  centre  of  a 
mini-  diaphntgrni    of   thin   sheet   iroo. 
gidly  Bup ported  ut  its  edgea. 
lu   trtLnflRiitting,  the   message  is  spoken 
'  0  tlie  mouth-pieoG  nt  one  end,  aa  at  D, 
n  Fjg.  3T9,  nnd  the  tu-Hnd-tro  niutioDH  thus 
I  to  the  mijtiillio    diapbra^nn  B.U 
Khed  to  llie  moiitfa-piei'c  P,  product  in- 
etitm    citrrente  in    the  coil  C,    on    the 
n>et  U.    (See  Induction,  Electro  Mag- 
ie.)    These   impulses,   passing-  over  the 
1  line  B  I.,  pivduce  similar  mokements 
9  diaphragm  P*.  of  the  receixmtf  in-  "    * 

Inment,  ttl  D'.  and  thus  eauaea  it  to  repru<  '^ 

,  in  nrlieulule  Miundx,  to  oiii>  llxlv nliiK  al  I  In 
Wiving  iDstnliiidiL  A  ground  cimijllanhiiwn  In  lliolIgiiri< 
■lUBuuily  ■.injiluyud  in  priu-lici?. 

A  mii^nto  -  tf>l(-pho[|i 
uiiHlilut<4    in    rnillly   i 


ng.xn. 


n",<lriv>iiicrpropi-ll 
hylh'T  v.iii.'<.fM.i.-|.-n 
.-r,  in  »ii.rh  IV. 
hroduoed  instead  ot  lieliig  tromniut^d  urp  i-in|'l< 
Red  to  rvproduiv  Ihi?  UtU-rvd  ■jmN.ii. 
1)  nrtuol  prtwikt!  tbfa  twimniont  U  ri>|tlit(vil  lij  r  ,  >.- 

ctic  trlcpfuiHit,  in  wliicit  tliu  tu-and-fru   auAt'iw  •'( J| 


ti-iLUHiu tiling  diaplii'a^ni  art  caii8(m1  Io  vanr  tlie 
butlun  i\f  carbon,  ur  a  variubit  tontact-tra'tMuiiltiT  Motiar 
lit  Uiat  eniployifil  by  Reia  in  boiue  uf  his  instruments.  Th« 
vunnblw  vesistanm  is  placed  in  the  circuit  ot  a  tmtt*ry,  ao 
llmt  uii  s|H>ftkiiig  inio  llic  tnuisniitter,  elKiric  iinputom  »r« 
si-nt  ovor  the  hoi.'  und  are  ret-eivLsl  by  n  telepiionit  with  » 
magnpl  core  provided  with  a  oojl  in  Uir  nmin  line  dri 
The  teleplionp  is  arr'ftiiged  tor  tMrliuil  conimerctal  u 
United  States  in  the  laiuinBr  shown  in  Kig.  379. 

Telvplioiie,  Elt'clro-CMptllari' A  telepliane  in 

whicli  til?  movemenlB  of  tht>  tmnsiiuttllig 
diaphragm  produco  currents  by  ti 
viii-jdliDiis  iu  the  «lec1n>-molivo  forcosof 
the  contact  surfiuwsur  h'juidK  in  I'apdlai? 
tubes,    (Sne    Slrrlni    (.Pupillary    Phe- 

lu  Breyiiet's  telephont?  both  tlie  Imn 
niittiiig  nnd  Ihe  receiving  inNtnuDRntB  a: 
srmiliir  in   oonslrutUon   and   npemle    by 
iiH-iins    of    flectro-capillary    phenoioen 
A  vi-rticnl  cnpdinry  tnbp  cammtmioitn 
at  its  upper  end  with  an  air  spsuM  in  ' 
a,  diAphm^m,  and  at  its  luw«r  end  iritli  n 
niorenry  Burfucn  on  which  resta  a  l^yw  of 
a.cidiilal<^d  water.     A  linr  wire  oannectB 
liie  mercury  rwervoirs  of  the  Inutaniit- 
iving  iiistnimriijts,  the  rcaimfniler  of  th'!  cireuil 
being  fornied  by  another  wire  corini'diog  tbi-  niprifury  n 
tlie  iipjier  purls  of  tlie  two  vertical  lubes. 

Thn  alterations  in  the  e/>ntnct  BurEaecs  at  Um  IraiuiiiltUn^ 
und  prtKliii-cd  by  the  moveiiieuta  of  tlie  diaptiragta, 
electrii'  Impidws  that  produce  similar  riiKVerocntu  "f  the  tUi*-' 
pbrugTU  S.I  the  receiving  end. 

TelepfaoBo,  EI««lrw-MoloffrBphlc  — 
■ou'ii  Elc«lro-ClivnilrMl  Tclvphuuc— A  (e)it]t)MMui  la 


u%'er  consists  of  a.  diaphrogni  of  mica  or  other 
ktic  material  operated  on  the  principle  of  the  eUotro-moto- 

i  Btrnifjbt  lever,  which  torina  piirl  o(  the  line  rircuit  ia 

pdl;  att)u!he<l  ul  oue  ead  to  the  I'cnti'c  of  Ihe  receiviag 
dlaphra(;in  and  raita  nenr  its  ofher  end  on  the  nioislened  Hur- 
fai'e  of  n  nhallt  cylinder,  inaiDtained  iu  rotation  hy  suitable 
mechanical  nieaiM.  Electric  impulses  being  sent  into  Uie  liae 
by  the  voice  of  a  speaker  liilkiog  at  a  tmnsmitter  of  ordinary 
construction,  produce  slippiug  movenients  of  the  cylinder 
tiiat  reproduce  in  the  receiving dia.phrag'm  articulate  speech, 

Toleptaouic  Eschango.— (Sec  Exchangf.,  Talephonie.) 

TelcpbonU-  Joint*  of  Wire,— (See  Joints,  Tele- 
finipbit:) 

Tolephole  or  Pberopo.— An  npparatufi  for  the  tele- 
l^mphic  trans  mission  of  pictures  through  the  action  of  light 
on  selenium.     (See  Telephotitgmphy.) 

Telepbotoyraphr.— A  syslem  for  fae^imiie  tranmuia- 
nnn  by  means  ot  dots  and  lines  transmitted  by  means  of  a 
(vjntinuuuH  curreat  whoee  intensity  is  varied  hy  u  troosmitling 
instrument,  coDtaining  a  aelenxum  resistance.  (See  Tetr- 
ffrapli,  Fae-Simite.  Seleniniu  Re»iatance.) 
^Tlie  transmitter  consists  of  a  dark  box,  mounted  on  an  axis, 
IS  to  he  iiapable  ot  a  sidewise  motion.  The  picture  lo  he 
ismtttetl  is  thrown  continuously  on  the  face  of  the  box  by 

^  lantern  projection  apparatas,  und  n  small  opening  cou- 
i  selenium   n-sistanco   receives   tlie   alternations  ot 

^tand  shade,  and  transmits  the  same  as  variations  in  (he 
engtb  ot  the^therwise  ciontinuous  current  in  the  circuit  of 
"hlch  the  soleniiiin  resUtaticf  is  placed.  The  pictvire  is  re- 
cRivi^d  at  Ihe  othei'  end  on  a  sheet  of  chemically  preparud 
paper  moved  synchrunously  with  the  transmitting  box. 

TelOKCOpe,  ReiullnB Atalestopeeniployed 

^tleotriu  iuea8iirBnii;wls,   (or  reofling  the  dfllei-lionii  of  tli« 
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A  mirror,  au^tp'mdeil  above  Ibe  ueedlEon  tliesome  fibre Ual 
tinlds  tlie  ueedle,  reflects  a  spot  of  light  on  a  nmle  b,T  nhich 
tlie  uinount  ol  deflection  ia  iDdicated.  (8<w  Oalranomftf-r. 
Mirror.) 

A  form  of  reading  telfseope  is  shown  in  Ttg.  880, 
illumined  soale  M,  receives  Uie  spot  of  li^ht  reflectsd  from  Uie 
mirror  attached  to  the  galvanometer  suHpenaion,  nnd  the 
ileBection  ia  observed  in  the  mirror  lij  the  telescope  P. 

Telciomc, — Aself-registeriug  hotel  annunciator,  b^meaiu 
of   which   u   diiU   operated  in  a  roam,   mdicnti^  on  Uio  ai 
minciator  tbe  article   or  servii 
requirtfd. 
Tel«-Thviinoiiirter,  E1e» 
H  trie  i  ^An   Electric  reoord- 

i  ing  LbermoiiiHer  for  todicatin)!; 
and  rc'uording  temt>eniliirB  at  t 
distauctj. 

Temperature  Alann.— {See 
Atarm^  Firr,  etc.) 
Temperature,    Eirie«ta    af 

on  Electric  Rvahiuiure. 

—(See  Resi'lance.  Effrcle  f./  Ttm- 

Teuilon,  Electrte 

Fig.  iso.  A   term   otlcn   loosely  np|(tled   lo 

signify   eUclni-motive  force,   dielectric   ftretm,   differmet  o/ 

potent  iiil. 

This  turm  la  now  very  generidly  abandoned^ 
TerrcMtrlHl  niignetUm.~<8e«  Mtifnetigm  TenrvlrtaL) 
ToUntTi  nicHiods  or (S<iu  Mtaturtmentt,  Elre- 

Irie.) 
Therm.— A  lieal-wnil  i-flceolly  proposed  by  the  Britiab  Aa- 

Bociutiou. 

A  therm  ia  tliu  amount  .if  bLtit  rt-qoin^il  to  raisn  tho  Umlpar- 
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one  graiunie  of  piira  water  al  the  lemperaluro  of  ils 
1  (tensity  one  degn-e  oentigraJe.     (See  Calorie.) 
lierino-Eleplrle   Hallcry.— {See    BatUrn.    Jliermu- 


liermo-Elcotrlc    tlouple. — Two    disaiiuitar    metuls 
o  BS  to  produiw  lli^nno-electric  currents  llirougli  dif- 
i  o(  teiiipemtlir^. 
'hermo-Elcrirlc  Dlitgrtim.— <See  Diagram.  Thenno- 
Klfctrir.) 
Tfaerino-Elcrtrlc   Invcmlun,— An    inversioa    of  the 
nio-ele»:ti*ic  [tower  of  a  couple  at  cerlaiD  temperatureB 
«  Diiignim.  Thrrmn-Klr^rMf.) 

"hcmio-Eloctrlcltr.— Electricity   produced   by  ditTer- 
«  of  temperiLture  ul  the  junctionu  of  diasiiiiilur  nietjtis. 
:i  bur  of  anti- 

%  bar  of  bism  ulh ,    '■  ^^\^^JL=^li=i 

i  thoir  free  ends 
t.'ounecled  by 
iiicunsof  agulvHii- 
(■meter.  the   &ppU- 

.alion  of    heat   to  "iff.  ■«/- 

Ibe  Jimi'tion,  so  as  to  raise  ita  letiip«niture  above  the  rest  of 
the  circuit,  will  produce  a  current  aemna  the  junction  from  the 
liiHinutli  to  the  antimony,  (againnt  the  alpliabet,  or  from  B  to 
Aj.  U,  tlie  junction  bo  cooled  iielow  the  rest  of  the  circuit,  a 
turrenl  is  produced  acroaa  the  jiinction  from  the  antimony  to 
Lfie  biBniuth,  (with  the  alphabet,  or  from  A  to  B).  These  cur- 
tutu  luv  colled  thermo-electric  current*,  and  are  proportionul 
totllc  ditferences  of  temperature. 

(Sven  the  same  metal,  in  different  physical  status  or  condi> 
rr,  port  ot  which  is  straight  and  the  reraaln- 

t  bent  Inio  a  »iiirfi.t  M  at  H  C,  T\g.  8H1,  if  heuted  at  P  bf 
s  of  a  lamp  will  show  u  current  developed  in  it 
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Thu  aaine  tiling  may  also  he  shown  by  placing  a  cylimUi  of 
lisiiiuWi  J.  Fig.  3Sa.  in  a  gup  in  »  UoUow  rectangl*  of  copper  J 
i  B,  iiisidi-  ot  which  a  inagneUc  needle  M  is  supported. 


The  iw-tangle  of  copper  Iwing  placwJ  in  the  ni»fc-n«tic  me- 
riditin,  on  hcuting  Ihe  jiinelion  hy  Ihu  flam*  of  ii  lamli  F.  tlie 

needle  will  he  (lcflei^te(ll.,vin.urifnl  i.toduwd  by  the  liiffer- 
Dce  of  temperature. 


Tbcrmo-Electrlo    Pile.  DlBtrenllal - 

Differential  Thermo-Eleclric  I'ilf.) 


(Se* 


Fill-  ^-  -'V-  «*■ 

TUermo-ElevtrIc  Pile  or  B«II<!it-—  a  nuD»»wr  at 

Bepiiratv   tlii-niio-eleutric    iMmplPn,    illiitcd    in   scriiSK   no  tW  la 
tonii  a  Biu(,'lL>  th'Ttiio-i'liTclric  ■.miv. 


WO&DS,  TEKUS  A 

"FigB.  383,  and  884,  show  Noblli'a  Thermo-Pile,  in  which  a 

liber  of  bismuth-autiiuony  thermo-electric  couples  are  con- 

a  continuouB  seriea,  as  shown  in  Pig:  S86,  and  iosii- 

;d  from  oni!  another,  except  at  ttieir  junctions,  and  packed 

a.  metallic  box,  and  aupporled  as  shown  in  Fi^,  aM.     The 

terminals  of  the  aeries  are  connected  to  hinding  postn. 

Differences  of    temperature  between  the  two  (aces  o(  the 

pile,  wh^rB  the  junctions  are  exposed,  result  in  a  current 

'hose  differencf  of  potential  is  equal  to  the  sum  of  the  differ- 

of  potential  of  all  the  thermo-electric  couples. 
A  careful  inspei-tioii  of  the  drawing  will  show  that  the  junc- 
fomied  suc(!esBivelj  at  opposite  faces  of  the  pile,  bo 
iftt  if  th"  junctions  be  niimbereil  successively,  the  even  Junc- 
iionn  will  come  at  one  (ace,  and  the  odd  janetiona  at  the 
Other.    This  is  necesaary  in  order  to  permit  all  the  thermo- 
electric couples  to  add  their  differences  of  potential;  tor,  if, 


Fig.  as. 
In  Figr.  885,  a  tlimno-eteetHc  eJiaiit  be  rormetl,  no  currents 
pill  result  from  eiiually  licuUriK  any  two  consecutive  junc- 
H  J  J,  of  the  metals  A  niul   B,  since  the  electro-motive 
s  m>  produo-d  oppose  each  other. 
LThertno  piles  have  been  I'linstnicted  l>y  Claiiinud  o(  ^inijile^ 
n  ulliiy  of  rijie  and  aniiniony,  of  siiili.  ■ 
jr  produce  a  volfaic  arc  whose  ilkiininaling  p^ni . 
h  rarcol  hurnci-s.    Mnny  practical  diHiniilties  exi ; : 
e  to  be  Runiioiint«d  before  ■■n-h  pib 
mmerdal  electric 
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Thermo-Eleetiic  Poirer.— (See  Power,  UtertrnthEleo- 

trie) 

Ttaemio-Eleeliic  Series.— A  list  of  metals  so  arranged, 
according  to  tlieir  thermo-electric  powers,  tliat  each  metal  in 
the  series  is  electro-positive  to  any  metal  lower  in  the  list. 

Thermo  -  Eleetro  -  9IoU¥e  Foree.  —  Electro  -  motive 
force,  or  difference  of  potential,  produced  at  thermo-electric 
junctions  by  differences  of  temperature. 

Tltermometer,   EleeUie  or    Tbermo- 

Electrometer. — A  device  for  determining  the  effects  of  an 
electric  discharge  by  the  movements  of  a  liquid  column  on 
the  expansion  of  a  confined  mass  of  air  through  which  the 
discharge  is  passed. 

Thermometer  Seale,  Centigrade (See  Cen- 
tigrade Scale.) 

Thermometer  Heale,  Fahrenheit (See  Fah- 
renheit Scale,) 

Thermophone. —  Any  instrument  by  means  of  which 
sounds  are  producod  by  the  absorption  of  radiant  energy. 
(Se<»  Phntophon 

A  tolophono  has  boon  constructed  in  which  the  motions  of 
the  roceivin^  diaphragm  are  effected  by  the  ex|)ansions  and 
contractions  of  a  thin  metallic  wire  oonne<.»tcd  to  its  «?ntre 
and  placed  in  the  circuit  of  the  main  line. 
Thermostat. —  An  instrument  for  automatically  indicat- 
ing the  existence  of  a  given  tem- 
perature by  the  closing  of  an 
electric  circuit  through  the  ex- 
pansion of  a  solid  or  li(piid. 

Thermostats  are  used  in  sys- 
tems   of    automatic    fire    tele- 
graphy, and  in  systems  of  auto- 
Fig.  S36,  matic  temperature  regulation. 

Three- Wire  System.— A  system  of  electric  distribution, 
invented  by  Eklison,  in  which  three  wires  are  employed. 


»*»f  Mgi    *<« 


r.  Cteq^^hMtf  iki*«ai^  <.> 


a>  k^  pa^tmt   .■Mill*  6fl  rt  Ite 


•4h>HM,  1*%!^  a^bo^MicdKf .  ar  <fc    i^ft  &■  «»im/  •<(  Ml 


■Wtf.— fa  MWffll^^M^^t^  LrtMlW  ■—**■■>  »*»««l««tf 


608  A  DieiTONABT  OV  SUBOIKICAL 

nriHie  T^etniphj.— (See  TOegraph^,  Time.     CMbi 
EleeMe.) 

Tcmys,  IHieluurvtaiir (See  Diackarging  JBteb.) 

Top,  Indac^on (See  Induction^  3\»p.) 

Torpedo,  Eleetrte (See  Bay,  J^Iecfrie.) 

TonkHi  BaUuice.— (See  Bakmee,  Tonum.) 
Torsion  CMTanoBieter.— (See  Ckdvanameier,  Toniom.) 
Total  or  Dead  Bartliu— (Bee  Eariha.) 

Toaeh,  Sinvle,  Separate  or  Ponbie  Method 

of  Mafnetisation  liy.— (See  Magnetization^  Meihoda  of.) 

Toarmallne. — A  mineral  consisting  of  natural  silicates 
and  borates  of  alumina,  lime,  iron,  etc,  possessing  pifro- 
electric  properties,    (See  Pyro-Electricity,) 

Tourer,  Eleetrte. A  high  tower  provide^  for 

the  support  of  a  number  of  electric  arc  lamps,  employed  in 
systems  of  general  illumination. 

Tower,  SyNtem  of  Eleetrte  litffhttnff.^The  lighting 
of  extended  areas  by  moans  of  arc  lights  placed  on  the  top  of 
tall  towers. 

The  tower-system  of  electric  illumination  is  only  applicable 
to  wide,  open  spaces,  since  otherwise  objectionable  shadows 
are  apt  to  be  formed. 

nrratn  Sti^altng.~(See  Telegraphy ^  Inductive.) 

Transmtsston  of  Ener^.^See  Energy,  Transmis- 
sion of.) 

Tranfunttters,  Eleetrte Various  electric  ap- 
paratus employed  m  transmitting  or  sending  the  electric  im- 
pulses over  a  telegraph  line. 

In  most  telegraphic  systems,  the  transmitting  apparatus 
consists  of  various  forms  of  keys  for  interrupting  or  varying 
the  current.  In  the  telephone  the  transmitter  consists  of  a 
diaphragm  operated  by  the  voice  of  the  speaker.  (See  7We« 
graph.     Telephone.) 


Sfraniftoraier    or    f^DTcrtcr.— (See    Converter 


-  or  C'Brbona. — 


ifitiii«Dl,  Hrdro-CUrbon  - 

tiFlathinQ  CarbonH.  Procaiffor.i 

■  Tlisooometr}-.— That  lii-^rKh  ut  mathematical  scien'ic 
whicli  treats  ol  tlie  metliodii  o[  cl^termintD);  the  valutas  of  the 
ivnglES  or  sides  o(  a.  triangle. 
There  are  in  every  triangle  throe  siites  aud  three  aogles.     It 
y  U))iM  of  these  pails  are  given,  except  the  three  angles, 
B  values  of  the  retnaining  partiicanhedeternuneilby  means 
■trigonometry,  by  what  is  called  tlie  wttttton  of  the  triangle, 
^Trlvonometrlcal  Fund  ions.— Certurn  quantities,  the 
which  are  dependent  on  the  length  of  the  arcs  sub- 
angles,  whi^'h  are  taken  for  the  moasrires  of  the 
A  of  the  arts  themselves. 

The  trigiinometrical  functions  nri- 
the  gine,  the  cn-*xnr,  the  ttingent,  the 
ca-tangent,  the  aecant,  und  the  en- 
secant.  These  are  generally  alirevial- 
ed,  tliUB,  viz.  :  fin,  coa,  Ian,  eot,  tee, 
and  aume. 

Tlie  Sine  of  an  angle,  or  an^,  is  the 
perpend iculur  diKtanoe   from   one  ex- 
tremily  of  the  arc  to  the  Jiitiuvtcr  pooH' 
a    ingthrough  tlie  other  oxlrtuiuty. 

Thus  in  Fig.   887,  B  D,  is  the  sine  of 
ot  the  atv,  B  A. 

angle,  or  ai'c,  is  that  part  ot  the  dianict<>r 
licll  tins  between  the  foot  of  t!if!  sin«  aiid  the  vvntre.     Thus 


H cl^- 


tt  O,  Is  the  coidne  "f  the  n 


A  E  O  B  or  B  e,  thu  • 


B  O  A.  or  of  thn  a»  B  &■ 


I.  which  in  rquiil  to  0 1).     (R««  C 
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JnstnnM.nsthe  angle  TOO,  or  thearcBBFQ,  BDisitoeine. 
Thia  is  alHO  tbc  nine  of  BOA,  or  of  B  A,  which  Ja  the  supplp- 
mrntof  TOO,  orBEFG.  Hence  the  sine  of  an  arc  is  equ^ 
to  t)ic  sine  of  its  suppteiDeat. 

The  same  is  tnie  iit  Uie  cosine. 

The  Tmgmt  of  an  aoe^  or  arc,  !■  a  atraig^it  Bne  toodiiiig 
the  arc  at  one  eztramttrf ,  drawn  perpendicnUr  to  the  diametw 
at  one  end  of  the  are,  and  limited  by  a  sfaraigfat  line  oonaeol- 
Ingtheoeatnof  thecindaandttwothereBdottbcarc.  ^ina 
G  A  to  the  tangent  of  the  angle  B  O  A,  or  Uie  ara  B  A. 

The  Cb-ta)t0*Kf  of  <ui  ■■■^Oi  oi*  M^  i>  ^ual  ^o  the  teagoit  <rf 
Ha  complement,  thna  E  T,  is  the  oo-tangent  of  the  ang^, 
B  O  A,  or  the  arc  B  A. 

The  tangent  of  an  angle,  or  arc,  is  equal  to  the  tangent  of 
ita  BUpplemenl.  Thus  A  C,  is  tiie  tangent  of  the  angle  BOA, 
or  the  arc  B  A.  It  is  also  equal  to  the  tangent  of  the  A<ag\e 
B  O  0,  or  the  arc  B  E  F  G,  the  corr«epoading  supplement  of 
the  angle  B  O  A,  or  of  the  arc  B  A. 

The  Secant  of  an  angle,  or  arc,  is  the  straight  line  drawn 
from  the  centre  of  the  circle  through  one  extremity  of  the  arc 
and  limited  bj  the  tangent  passing  through  the  other  ex- 
tremity. Thus  O  C  is  the  secant  of  the  angle  B  O  A,  or  of  the 
arcB  A. 

The  secant  of  an  arc  is  equal  to  the  secant  of  its  supple- 

The  Co-seoant  of  an  angle,  or  arc,  is  equal  to  the  secant  of 
its  complement. 

Thus  E  T  is  the  co-secant  of  the  angle  B  O  A,  or  of  the  are 
B  A. 

It  will  be  observed  that  the  co-tine,  the  cotangent  and  the 
eo-MCanf  are  respectively  the  sine,  tangent,  and  secant  of  the 
complement  of  the  arc,  or  in  other  words,  thecomjitentenf-nRe, 
the  tsomptemetiUtangent,  and  the  eomplemeat-secant. 

Troll«ya.— Rolling  contacts  that  mora  over  the  overhead 
■nee  provided  for  a  line  of  electric  railway  caxe,  and  cany  off 


>  Dumnt  mpurad  to  drive  tbe  vatar  «k.      #Sm  dli< 

OIF.) 

f  Tiibv«.  CiclMler ftoe  OtUi/er  Twbt^} 

I  Tubes  of  Force.— Ow  f  onw.  rubo  o^.) 

L  TnbeB  of  IndarltoM.— See  Force,  TVwv  r>/.) 

I  TuhcH,    neroarf ■ —  — TacuoiB  glaaa  tubas   In 

4Hch  a  Oosh  of  lig-ht  is  produced  by  the  Tall  ul  u  Nniiill  i|iinn- 
•rcury  iiliwed  iiisiil<!  it. 
I  The  light  is  caused  bj-  tbo  pletlricily  produL-pil  by  thti  tiiuUiin 
t  the  mereiuy  in  falling  ngainsl  the  sides  of  a  iipirul  kIjun 
e  plac4>i1  insiite  the  vacuous  tube. 

Tube*.  Plii^ikcr (See  I'lackcrTuben.j 

TuhcB,     KlratlOrallwn     —(800    HtraHficiHim 

Tubes.) 

Tipc-Piinlliig    Telcgrapb.— (See    Teltjiraph    I'rtnt- 
ing.J 

T}-pe writer.  Electric A  lyiHt-wrHlnir 

11  which  tJiR  keys  ftri-  intcndrvj  Ui  nulii  lh«  rtm\mf*a 
m)y  of  the  circuits  of  elM-tro   wiXicMt^,   \tf  IIm  iitl^«^'*MM 
gtlheamialuresuf  whU-h  Ihr  M»'i"rii>nta  of  Uf  tff0tlmrf» 
tquirod  for  tlto  work  of  pnntin;;  af-  -fl-H*^. 
'  Electric  typewriti?™  •wiu-b  m  uaifnrn.ity  r^  intf0i^ 

« tOublatn  Willi  Imu>)  mi,rV^t  r.-,  ^  l..™»»    f»>^  « 

r -.^    wr.-'.f.r       •***!*//(•*** 

I  VUra  «2mw>o«*  ■all«T'^  4  t*n>  >wiiii»»—  •f9*>4  M> 
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the  wires  in  the  same  conduit  are  apt  to  be  HimultaDeousl; 
afTi^'tcd,  tliiui  Hprvuiling  the  danger  in  many  diOereat  direc- 
tions. Tliey  arc,  however,  less  liable  to  danger  ariaing  from 
accidental  ci-osses  or  contacts. 

ITndulaiorj'  Currents.— {See  Current*,  Undulatory.) 

fnlftorm  Magnetic  Held. — A  field  traveraed  by  the 
same  number  o(  lines  of  magnetic  force  per  unit  of  area  of 
croRX  section  of  the  field.— (See  Fieidi,  Magnetic.} 

I'nlftorm  Potential.— A  potential  that  does  not  vary. 

An  electric  source  is  said  to  generat«  a  uniform  potential 
n-hi<n  it  niuintains  a  constant  difference  of  potential  at  the 
terminals. 

I'nlpolar  Inducllon.— A  term  sometimes iippiied  to  the 
indiu-lL'in  lli;it  <>fc'iirM  wln-n  a  conductor  is  so  moved  through 
a  mii(,-nelic  lt<-ld  as  to  contiuiioiialy  cut  its  lines  of  force. 

It  till!  i'ii!ulii.-1iii>;  wire  ABC,  Fig.  388,  be  rotated  (in  a  direc- 


the  midilli!  of  Uw  maynef.     Unipolar  dynamos  operult'  on 
continuous  cutting  ot  lini>s  of  luagnetic  force. 

Strictly  H]K>akmtr  (ln-re  is  n.)  kucH  tliiiii,'  ris  ii  uoiin>lur  d, 
amo  or  unipolar  mdintion,  smce  ft  single  mat,^netic  polo  c 
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not  exist  by  itself.    Conlinuoiia  t-uttjag  »(  liiii^  of  nia^rti<^ 

fotve.  however,  can  exist  and   pruiiluo«s,  unlihti  llio  oriliiinrir 

bi'palw  induction,  a  oonltnuuus  rurrrnt. 
Vnll  Aiiclp.~-<Si;e  Anguliir  VelocHn.) 

Vnil,  B,  A. The  Brilisli  Association  unit  of  n-siat- 

ice  or  ohm.— (Sec  Ohm,) 

Vnit  or  Acceleralioii.— (See  Atveltration,  Unit  of.) 

IJnlt  of  AcllTlty.— (See  AMi-tty.  Unit  of.) 

Volt  IMfl^race  of  Potential   or  EloPtro-MotlTc 

Vorce. — Such  a.  difference  o(  potentiiU  belwec'n  two  points 

ttitU  requires  the  ex])en(lilurw  o(  one  erg  o(  ivnrk  to  hriiig  a 

iroit  of  puEJ  live  electricity  tram  one  of  theaepuiulstit  theotlii^r. 

against  tlie  electric  torce.     (See  Erg.) 
Unit  Jnr.~(8^e  J^ar,  JJnit.) 

Vntt   of  Current,  JocuM'a A  current  which 

used  through  nvnllanietcr  will  lilierate  in  onemiauteacniile 

eentiiaetre  of  oxygen  and  hydrO(,'en  at  0°  C.  and   760  ni,  in. 

barometric  pressure. 

1 
One  Jacobi'a  Unit  of  Current  equals Weber  per  Hecond. 

(Obsolete.)  ^"-^^ 

Vntt  orileal,  Xew.— (See  TTierni.) 
Vnttoma-M.— <See  JfoM,  Unit  of.) 
ITnll  of  Power.— (See  Powei;  Unit  of.) 

Vnll  of  Prenmire,  New  — —(See  Biirad.) 

■Tnllof  lke«l*tancc,  Jacobl'» The  electric  re- 

■tance  of  2.'S  feet  of  a  certain  copper  wire  weigliiu|f34Ji^aius. 
Another  unit  of  electric  resistauce  proposei]  by  Juoolii  wns 
to  resistance  of  u  copper  wire  one  metre  in  length  and  one 
lillimelre  in  diameter. 

Vnit  of  RoUlHnee,  MIntthleavrn** The  msist' 

loe  of  one  statute  miln  of  piuv  annealed  copper  wire  \  of 

is  iaob  in  diameter  at  lS.a°  C. 
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IJnIt  of  Resistance,  Tariey't The  resifitance 

of  one  statute  mile  of  a  special  copper  wire  -f^  of  an  inch  in 
diameter. 

Varley^s  unit  was  afterwards  adjusted  by  him  to  equal  25 
Siemens  mercury  units. 

Unit  of  Retlttance.— Such  a  resistance  that  unit  dif- 
ference of  potential  is  required  to  cause  a  currMit  of  unit 
strength  to  pass. 

Unit  i^uantlty  of  EleeUrletty.— The  quantity  of  elec- 
tricity conveyed  by  unit  current  per  second. 

Unit  of  Supply,  Electrical A  unit-provisionally 

adopted  in  En&fland  by  the  Board  of  Trade,  equal  to  1,000 
amperes  ilowin^  for  one  hour  under  an  electro-motive  force 
of  one  volt. 

This  would,  of  coui'se,  equal  1,000  watt  houre,  and  would 
he  th(j  same  as  100  amperes  flowing  for  ten  hours  under  one 
volt. 

One  unit  of  electrical  supply  is  equal  to  1.34  actual  horse 
power  expended  for  one  hour,  and  will  feed  13.4  Swan  lamps 
of  21  randle  power  for  one  hour.  It  is  equal  in  illuminating 
powor  in  Swan  lamps,  to  the  light  produced  by  100  cubic  feet 
of  gas  consumed  in  twenty  14-candle  burners  in  one  hour. 

Unit  StreiiKtli  of  Current.— Such  a  strength  of  current 
that  when  passed  through  a  circuit  one  centimetre  in  length, 
arranged  in  an  arc  of  one  centimetre  radius,  will  exert  a 
force  of  one  dyne  on  a  unit  magnet  pole  placed  at  the 
centre. 

Unit  of  Velocity,  New The  KIne— (See  Kine.) 

Units  C  G.  S. The  centimetre-gramme-second 

units.— (See  UhUh,  Fundamental,) 

UnltN,  Derived Various  units  obtained  or  derived 

from  the  fundamental  units  of  Length,  L,  Mass,  M,  and  Time,T. 
The  derived  units  and  their  dimensions  are  as  follows : 
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Area^  L*. — The  Square  Centimetre. 

Volume,  L*. — The  Cubic  Centimetre. 

Velocity,  V. — Unit  Distance  traversed  in  Unit  Time,  or 

L 
V=-    .    (1) 
T 

AeeelercUion,  A. — The  rate  of  change  which  will  pro<ltir««  ii 
change  of  velocity  of  one  centimetre  per  second. 

V 

A  =  ~    •    (2) 
T 

Substituting  m  equation  (2)  the  value  of  V  in  «^|Uttiioii  (1), 

we  have, 

L 


T      L 
""t  "  T« 


(8> 


1 

Force,  F. — The  I>ifne,  or  the  UfVCA:  ft*f\\%\riM\  Ut  m^  on  ii'iH 

mass  in  order  to  impart  t/>  it  unit  vt^Ut*:iiy, 

Y==M/A    '    ii) 

Substituting  the  value  of  A  d#;riv«'d   frofri  iw|iii4l)ori  i^),  wti 

have, 

V 
Kr    My       • 
T 

SubstitutiDg  the  vaJu«  <A  V  iWivMl  ifttm  m\\m\Uiu  iht  wm 
have, 

K     f.      Mf. 

T     T        T» 

Worker  Energif,  W.-T>mi  /?r(/,  //r  *h^  W'#Hi  /lirfMi  tii  «*v*r' 

ocMniag  anil  fr/m^  Utf«m$ftt  iinM  'liilMri/  4i« 

M/.  Mf#« 

WsFxLw —   //#-     «   • 
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Power,  p.— The  Unit  Rate  of  Doing  Work* 

ML* 


W        T«       ML* 
P  =  -  = = .    («) 


Units,  Eleetro-Mavnetlc A  system  of  unite 

derived  from  the  C.  Q.  S.  units,  employed  m  electro-ma^etic 
measurements. 

UnlU,  Elec^lro-BIavnetle,  DlmenttoiM  of 


VML 

Current  strength  =  Intensity  of  Field  x  Lenj^h  = 


Quantity  =  Current  x  Time  =  |/M  x  L  . 
Potential.  Dif.  of  Pot  )  ^  _Work_^    j/il  x  L' 
Electro-niotive  force  f       Quantity  T»    : 

Electro-motive  force        L 

Resistance  = ■ — >  =  —  • 

Current  T 

Quantity       T« 

Capacity  = =  —   • 

Potential        L 

Units,  Electrontatlc  ^—^  — Units  hased  on  the  force 
exort^id  between  two  equal  quantities  of  electricity. 

Two  systems  of  electric  units  are  derived  from  the  C.  G.  S. 
systoui,  viz.,  the  Electrostatic  and  tlie  Electromagnetic.  These 
units  are  based  respectively  on  tlie  force  exerted  between  two 
(juantities  of  electricity,  and  bet  ween  two  mag"net  poles. 

The  electrostatic  units  embnice  the  units  of  Quantity^ 
Potential,  and  Capacity.  No  particular  names  have  as  yet 
been  adopted  for  these  units. 

Unit  of  Quantity. — That  quantity  of  electricity  which  will 
repel  an  equal  quantity  of  the  same  kind  of  electricity  placed 
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at  a  distance  of  one  centimetre  from  it  with  the  force  of  one 
dyne. 

Electrostatic  potential,  or  power  of  doin^  electrofitatic 
work,  IS  measured  in  units  of  work,  or  ergn. 

Unit  Difference  of  Potential. — Such  a  difference  of  poten- 
tial between  two  points  as  requires  the  expenditure  of  one  erg 
of  work  to  brin^  up  a  unit  of  positive  electricity  from  one 
point  to  the  other  against  the  electric  force. 

Unit  of  Capacity — Such  a  capacity  of  a  conductor  as  re- 
quires a  charge  of  one  unit  of  electriaty  to  raise  it  to  umt 
potential. 

Specific  Inductive  Capacity. — The  ratio  between  the  induc- 
tive capacity  of  a  substance  and  that  of  air,  measured  under 
precisely  similar  conditions. 

The  specifk;  inductive  capacity  is  obtained  by  comparing  the 
capacity  of  a  condenser  filled  with  tlie  particular  sulMtan^^^, 
and  the  capacity  of  the  same  condenser  when  filled  with  air 
The  specific  inductive  capacity  of  air  is  taken  as  unity. 

UnlU,  Eleetrontatlc,  Dtaiea«ioB«  oC— 


Quantity  =  i/  force  x  (distance;*  =   ^  F  x  L* 


Current  = 


Potential  = 


T 
Quantity       M^  L*        f/  M  x  L» 

Time  T»  T» 

Work  M*  L*  f^M  /  U 


Quantity  T  T 

Potential  T 

Resistance  = =  L' *  T      --    . 

Current  L 

Quantity 

Capacity  = —  L  • 

Potentlai 
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One  Quantity 

Specific  Inductive  Capacity  = =  A  simile 

Another  Quantity 
ratio  or  number. 

Force  •     , 

Electro-motive  Intensity  = =  M*  L*  T-*  = 

Quantity 


T 
The  fractional  and  negative  exponents   used   above   are 

merely  convenient  methods  of  expressing  the  contraction  of 
roots,  and  division  by  the  quantity  represented  by  the  nega- 
tive exponent. 

Unltfi,  Fundamental The  units  of  length,  time, 

and  mass,  to  which  all  other  quantities  can  be  referred. 

The  unit  of  lenglh  is  now  generally  taken  as  the  Centimetre  ; 
the  unit  of  time  as  the  Second  ;  and  the  unit  of  mass  as  the 
Oramme.  Those  form  a  system  of  measurement  known  as 
the  centiuiet  re -gramme-second  system,  or  the  C.  G,  S.  system, 
or  absoluto  system. 

The  dimensions  of  the  fundamental  units,  are  designated 

thus : 

Length  =  L. 

Mass  =  M. 

Time  =  T. 

UnlU  of  Heat,— (See  Hcaf,  Units,) 

Units,  illaiirnetlc. — Units  based  on  the  force  exerted  be- 
tween two  magnot  poles. 

Unit  Strength  of  Magnetic  Pole. — Such  magnetic  strength 
of  pole  that  repels  another  magnetic  pole  of  equal  strength 
placed  at  unit  distance  with  unit  force,  or  one  dyne. 

Magnetic  Potential, — Power  of  doing  work  possessed  by  a 
magnet  pole. 

Magnetic  Potential  is  measiu*ed,  like  electrostatic  potential, 
in  units  of  work,  or  in  ergs. 
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Itagittlic  Potential.  Unit  Difference  of. — Such  a  dilTereace 
I'liugtietiij'  poli?atia>t  Wtwi^-n  two  points  thai  re<iuires  the 
tndilure  ol  ope  ere  uf  work  to  brin^  up  a  toagneUc  pole 
EuaitBtTfngth  towar>ia  >  like  pole. 

'nil  Intennity  of  Moffntlie  Field. — Such  an  intcostly  ol 
^etic  neld  ox  lu'tsoa  a  aortfa ■seeking  pole  ot  unit  strength 
b  the  lorce  i>(  one  dyne. 

U,  iHlttcnellc,    IMnciui€»ii«  of 

renglh  ot  Pol< 


kaUty  of  Ha^elism  t  ~ 


rnetic  Pot«ntiul  = 


*'  Force x  (Distance)'  ; 
Work  /iTi 


jr  of  field  = 


Strength  uf  pole 


i^ 


Strength  ot  pole         L»  x  T 

— Uu  III  pies  or  tractions  ot  the 
Woentimetre-^-iunine-Hecond  units. 

lI  units  huvc  been  introduced  because  thi^  abso- 
«  elllier  too  siniill  or  too  lai'ge  for  actual  u.ie. 
etro-momt  Topw.— The  Volt  =  tOO.OOO.OOO  C.  O.  8.  or 
e  units,  thnl  Is.  10'  absolute  units  of  rMisIanoe.     (Hce 

—The  Ohm  =  1,000.000,000  absolut«  unit*  of  re- 
!.  or  10'  absolute  units.    <8ee  Ohm.) 
[I.— The   Ampir*  =  ,V  Absolutti  Unit  of   Curraut 
tire.) 
uttiy.— The  Onulomb  =  fj  Ali»ohit«  Unit  at  guuntity, 
«  «leatro  ma^uetiu  systanj.— (9"e  Coulomb.) 
1 

A  tmuluto  Unit  of  Oap- 

1.000.000.000 
ir  10*  unllH  of  cupadty.    (Sec  Farad.) 
Vnlveranl  I>larlinrKv>'.— \Bc»  Ditcltargfr,  Univ«r»al.) 
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Taeaam,  Abtolate  —A  space  from  wfaidi  all 

traces  of  residual  gas  have  been  removed. 

A  term  sometimes  loosely  applied  to  a  high  vacumn.  It  is 
doubtful  whether  an  absolute  vacuum  is  attainable  by  any 
physical  means. 

Tacum,  Hlyli  — -  —Such  a  vacuum  that  the  length 
of  the  mean  free  path  of  the  molecules  of  the  residual  atmos- 
phere 18  equal  to,  or  exceeds,  the  dunensions  of  the  containing 
vessel.    (See  Layer,  Crooked.) 

Tacaam,  E*oir  or  Partial Such  a  vacuum 

that  the  mean  free  path  of  the  molecules  of  the  residual  gas 
18  small,  as  compared  with  the  dimensions  of  the  containing 
vessel.    (See  TubeSy  Oeissler.) 

In  a  high  vacuum,  groups  of  molecules  can  move  across  the 
containing  vessel  without  meeting  other  groups  of  molecules. 
In  a  low  vacuum,  such  a  group  of  molecules  would  be  broken 
up  by  collision  against  other  groups  before  reaching  the 
other  side  of  the  ve^el. 

Vacuum  Pumps.— (See  Pumps,) 

Vacuum  Tubes. — (See  Tubes^  Vacuunu) 

Valency. — The  worth  or  value  of  the  chemical  atoms  as 
regards  their  power  of  displacing  other  atoms  in  chemical 
com|>ounds.     (S<»e  Atomicity,) 

The  worth,  or  valency,  of  oxygen  is  twice  as  great  as  that  of 
hydrogen,  since  one  atom  of  oxygen  is  able  to  replace  two 
hydrogen  atoms  in  chemical  combinations. 

Valve-Burner,  Electric  Aryand  —(See  Ar- 

gand  Valve-Burner ,  Electric.) 

Valve,   Electric An  electrically  controlled  or 

operated  valve. 

In  systems  of  electro-pneumatic  aignalft,  gaseous  or  liquid 
pressure  controlled  by  electrically  opei-ated  valves,  is  em- 
ployeil  to  move  signals,  ring  bells,  control  water  and  air 
valves,  or  to  perform  other  similar  work. 
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Telodty,  Anvalar (See  Angular  VeloeUjf.) 

Telocity  of  DIseluirve.— The  time  required  for  the 
age  of  a  discharge  through  a  conductor,  as  compared  with  its 
length. 

By  means  of  a  rapidly  revolving  mirror  Wheatstone  meas- 
ured the  velocity  at  which  the  discharge  of  aLeyden  jarpassed 
through  half  a  mile  of  copper  wire  as  288,000  miles  per  second. 

The  velocity  of  discharge  through  long  conductors  or  cables 
is  much  lessened  by  the  eapcLcity  of  the  cable  and  the  effects 
of  induction^  etc    (See  Retardalion,) 

Telodtjr  Ratlo.~A  remarkable  ratio,  in  the  nature  of  a 
velocity f  that  exists  between  the  ratio  of  the  electro-static  and 
the  electro-magnetic  values  of  the  electric  units. 

This  nitio  will  be  understood  from  the  comparison  of  the 

following  units :  .      . 

Mi  iJ  T-»        L 

Qnantitff  = j — r —  =  —  =  V    • 

M*  I>  T 

Here  the  value  of  the  rutio,  viz.,  the  length  divided  by  the 

L 
timCt  is  clearly  in  tli«  nature  of  a  velocity,  for  V  =  —    • 

T 
Mi  Li  T-i     T       1 
Potential  —  ,      -=  —  =  —   • 

M'  L«  T-«    L      V 

L  L« 

Capacity  — =  —  =  V*    • 

L-»  T«      T« 

L-i  T     T«        1 

Resistance  = =  —  =  —    • 

L    T  1     L«     V« 

A  remarkable  similarity  exists  between  the  value  of  the 
velocity  expressed  in  C.  G.  S.  units,  and  the  velocity  of  light, 
which  is  of  great  signiAcancc  in  the  electro-magnetic  theory 
of  light.    (Seti  Light,  Ekctro-Magnetic  Theory  of.) 

The  velocity  of  light  is,  say,  2.9992  X  10^*  centim.  per  second. 

The  vclotrity  ratio,  v,  is  2.9800  X  10**  centimetres  per  second. 


WORDS,  TBRMS  AND  PHKASKS. 


calllMlon  of  Armaliirt'.— Dotfices  for  tl»«  rrwtpuM- 
of  air  or  other  fluid  Uirougli  llie  ariimWn)  of  it  dynamo- 
electric  machine  in  order  to  prevent  ibi  ovar-hwiUiig.    (8o» 
Dynamo-Eltclrk  ifnekine.  Aruutture.  Vent&ation  n/.) 

Temler.— A  device  for  Uic  upproxinnilttly  nocurnU 
meiiBurement  of  Binaller  differrncoH  of  length  Ihiin  can  bo 
Kodily  detected  by  ttie  pyi-. 

Then!  are  a  variety  of  vernier  ncalus  In  use. 

Vernier  Wire  Cause.    (8eo  Wire  aittigf.  Vemitr.) 

TIbratlon.— A  tO'SDct-rro  motion  of  the  pnrticlcii  of  on 
elastic  rae.liuiLi.     [Hvo  Wapex.) 

Vlbmtlon*,    SjrmpBllieUc (8ee    SympatheUt 

Vibrations.) 

Tla-TlTB,— The  energy  stored  in  a  moving  body.    Hence, 
the  measure  ot  the  amount  of  work  that  must  bo  performed 
in  order  to  brin^  a  moving  hotly  to  rest 
M  V 

The  vis-viva  =  ■ 

This  term  ia  gradually  becoming  obsolete, 
Vltreoiu   Elecirlell)-,— A  term  formerly  employed  to 
tndioalo  positive  flct-lrioily, 

It  was  fnniifrly  believed  that  the  friction  of  glass  witli 
other  bo<lie8  always  produced  positive  ploetridly. 

The  term  in  now  replaced  by  pMitive  eiectrictt]/.     (Bee 
JEuinouc  Eltctrieity.) 
Toleanlc  IJghUllns.    (See  LigMning.  Voleanie.) 
Volt.— The  practical  unit  of  electro-motive  force. 
Budi  an  olectro-motive  as  is  induced  In  a  conductor  which 
cat*  tinea  of  magnetic  force  at  the  rate  of  100,000.000  per  see, 
r    Such  an  electro-motive  force  us  would  cause  a  current  of 
)  one  <tinpfre  to  flow  aguJnHt  the  resittancf  of  one  ohm. 
I     Soch  an  electro- motive  force  a*  would  charge  a  eondeaaerof 
the  eapneilfi  of  one/'irad  with  a  quantity  of  cluctridtf  aqu^l 
to  one  coiilfinh. 
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Yolt-Amp^re. — The  wait  or  unit  of  electric  power.  (See 
PtnreTj  Electric,) 

Yolt-Meter  Galvanometer.— (See  Oalvanometer,  Volt' 
Meter,) 

Voltaic  AltematlTes.— (See  Alternatives,  VoUaic) 

Voltaic  Arc— (See -Arc,  Voltaic.) 

Voltaic  Battery.— (See  Battery,  Voltaic) 

Voltaic  Cell. — An  electric  source  consisting  of  a  voltaic 
couple  and  one  or  two  electrolytes,    (See  Cell,  Voltaic.) 

Voltaic  Couple.— Two  dissimilar  metals,  or  a  metal  and 
a  metalloid,  capable  of  acting  as  an  electric  source,  whon 
dipped  ill  an  oloctrolytc,  or  capable  of  producing  a  difference 
of  eh^clric  jwtential  by  mere  contact.     (See  Couple,  Voltaic.) 

Liquids  and  giuses  are  capable  of  acting  as  voltaic  couples. 

V€>ltale  Element.— One  of  the  two  substances  that  form 
a  voltaic  couple.     (See  Couple,  Voltaic.) 

Voltaic  Electricity,— Electricity  produced  by  the  agency 
of  a  voltaic  cell  or  battery. 

Electricity  is  the  same  thing,  or  phase  of  energy,  by  what- 
ever source  it  is  produced. 

V€»ltalc  or  Current  Induction.— A  variety  of  electro- 
dynamic  induction  produced  by  circuits  on  themselves,  or  in 
neighboring  circuits.     (See  Induction,  Electro-Dynamic.) 

V€>ltanietcr.— An  electrolytic  cell  employed  for  measuring 
the  strength  of  the  current  passing  through  it  by  tlic  amount 
of  chemical  decomposition  effected  in  a  given  time. 

Various  eiectrol^^ies  are  employed  in  voltameters,  such  as 
acjueous  solutions  of  sulphuric  acid,  copper  sulphate,  or  other 
metallic  salts. 

In  the  water  voltameter  shown  in  Fig.  390,  the  battery 
terminals  are  connected  with  ]>latinuni  electrodes  immersed 
in  water  slightly  acidulated  with  sulpliuric  aoid,  and  plac^ 


siJe  glass  tubea.  also  Qlled  with  ocidulaleil  water.     On  the 
if  Uie  current,  hydrogen  uppfars  at  the  knthode,  and 
W-aixygen  at  the  anode,  in  nearly  tlie  proportion  of  two  volumes 
D  one.    (See  Ozone.) 


I  gnlphale)  the  decom- 


^^f  In  the  case,  of  sitlpliuri<*  ucjd  (hydrogen 
pMition  would  appear  to  be  as  follows  : 

H,  SO,  =  H, +SO,. 
The  hydrogen  appeani  at  the  electro  negative  terminal,  or 
kathode.     The  SO,  appears  at  the  electro  positive  termiaal  or 
nodt,  but,    (combines  with  one    molecule    of    water,    thus, 
O,  -f  H,  O  =  H,  80,  +  O,  gaseous  oxygen  being  given  off 
it  (he  anode. 
I  Vol  tame  tera  ara  not  as  well  suited  asgatvanometersforthe 
ksurement  of  electric  currents,  because  ii  <-ertain  electro- 
pllve  force  must  bi'  readied  before  electrolysis  is  elTecteil. 
K  Tlie   voltameter   in   reality   measures  tlii>  coulomlw,  and, 
lerpfore,  is  ntluable  as  a  current  mea^iri-r  only  when  tha 
figurrcDl  is  constant. 

CouJomb-ni«ter  would,  therefor,  be  the  preferable  term. 
m  Then,  again,  time  is  rc(|uired  to  produce  th«  results,  Bad 
Bsidcrabla  dilBoulty  is  experienced  in  mnintunlnf 
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rent  strength  constant,  either  on  account  of  variatioas  in  the 
electro-motive  force  of  the  source,  or  of  variations  in  the 
resistance  of  the  voltameter. 


Toltameter,  Siemens'  DlflnDreniial 


— A  form  of  voltameter  employed  by  Sir  Wm.  Siemens  for  de- 
termining the  resistance  of  the  platmum  spiral  m  his  electric 
pyrometer.    (See  Pyrometer ^  Electric,) 

Two  seiiarate  voltameter  tubes  provided  with  platinum 
electroiles  and  filled  with  dilute  sulphuric  acid,  are  provided 
with  carefully  gpraduated  tubes  to  determine  the  volume  of  the 
decomposed  gases.    (See  Voltameter,) 

A  current  from  a  battery  is  divided  by  a  suitable  commu- 
tator into  two  cinniits  connected  respectively  with  the  two 
voltameter  tubes.  In  one  of  these  circuits  a  known  resistance 
is  placed,  in  tlie  otlior  tlie  resistance  to  be  measured,  i.  e.,  the 
platinum  coil  iisod  intlie  electric  pyrometer. 

Edison's  eloctric  meter  consists  of  a  Voltameter,  (See  Meter, 
Electric.) 

Volt-ammeter. — A  variety  of  galvanometer  capable  of  di- 
riH!tly  moasurin«c  botli  the  difference  of  potential  and  the  am- 
peres. 

Yolt-Coiilomb. — The  unit  of  electric  work.     The  Joule. 

(S«'e  Joule.) 

Voltmeter. — A  galvanometer  for  measuring  the  electro- 
motivo  fonre,  or  difference  of  potential,  between  any  two 
points  in  a  circuit.    (See  Galvajwmeter.) 

Vuleanlzed  Fibre. — A  variety  of  insulating  material 
suitable  for  purposes  not  requiring  the  highest  insulation. 

Vulcanized  fibre  is,  however,  seriously  affected  by  long  ex 
posure  to  moisture. 

Vulennlte  or  Ebonite. — A  variety  of  vulcanized  rubber 
extensively  used  in  the  construKion  of  electric  apparatus. 

Though  an  oxcollent  insulator,  vulcanite  will  lose  its  insu- 
lating proiKirties  by  condensing  a  film  of  moisture  on  its  sur- 


|! 
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tiu't^     This  can  liv  beat  rcmorei]   by  tlie  ciireful  appltcattun  at 

The  surface  is  very  liable  lo  become  covered  by  a  flhn  ol 
Hulphuric  acid  due  to  the  gnulua.1  nxidation  of  the  sulphur. 
Merc  friction  will  not  remove  this  lilni,  hut  it  may  be  removed 
by  washing  with  distilled  water.  A  Ihick  coating- ot  varnish 
will  obviate  this  last  detect. 

Walctinian**  Electric   Begi«ler.— A  device  for  per- 

manentlj  recording  the  time  of  a  watchman's  visit  to  each 

locality  he  is  required  to  visit  at  stated  intervals, 

Tliese  registers  areof  a  variety  of  forms.     Tliey  consist,  how- 

n  general,  of  a,  drum  or  di»c  of  paper  driven  by  clookwork, 

OB  nliich  a  mark  is  made  by  a  stylus  or  pencil,  operated  by 

i  the  cloEiD);  of  a  circuit  by  a  push  button  pressed  or  key  turned 

i  ij  the  wktchman  at  each  station. 

Water  BaMerjr.— (See  Battery.  Wuler.) 
Wmler  Dropping  Aecnmulator.—  iSec  ArcumuMor, 
Watrr  Dropping.) 

^H      WMer,  EiectrolrsI*  of The  deconipo«ttioD  of 

^K^Vntttr  by  the  panen^  through  it  of  an  electric  currenL 
^^M  Vhen  pure,  wutt-r  does  not  appear  to  conduct  ekiHricity ; 
^Httb  thereforR  not  quite  certain  that  pure  water  con  lie  elec< 
^^TCVolyticslly  dccoMitioBed-  The  addition  of  a  small  iiuntitity  of 
^H.a(dphuric  acid,  or  of  a  metallic  aalt,  however,  rt^nders  its  oloe. 
^BtrolyitiB  readily  accomplished. 

Wiilcr>L,cvcl  AlHrro.-H  S<>e  Alarm.  Liquid  Lettl.) 
Water  Pyrtttnctcr. — (See  Pj/rotncter,  Water-) 

W«ichc«,   Uoinainetlxailon  of Pro- 

uilily  removing  tiin^ntiam  from  watchfw. 
B  denugncti nation  of  wali'lim  can  li«  readily  ellected  by 
1  proponed  by  J.  J.  Wright    Th«  watcli  in  hi-ld  by 
I   and  alowly   lower<^    to   the   bottom   of  a   hollow 
oil  ol  wire,  and  tlipu  nlowly  withdrawn  from 


iSiiS 
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TliG  wire  is  wound  oa  the  coil,  as  shown  in  Fig.  891,  in 
the  shape  of  a  cone,  \nz.,  with  a  single  turn  at  the  top,  and 
gradually  increasing  in  number  of  turns  towards  the  bottom. 

The  conical  coil  is  con- 
nected with  a  source  of 
rapidly  alternating  cur- 
rents. 

As  the  watch  is  low- 
ered in  the  coil,  it  be- 
comes gradually  mag- 
netized more  and  more 
powerfully  with  oppo- 
site polarities,  thus  com- 
pletely reversing  and 
removing  any  polarity  it 
pre viously  possesse<l.  As 
it  is  now  slowly  raised 
from  out  the  hollow  cone, 
this  magnetization  be- 
comes less  and  less,  until, 
if  removed  from  the  ooni- 
cal  coil  while  high  above  its  apex,  all  sensible  traces  of  mag- 
netism will  have  disiippeared. 

Watt.— The  r()lt-(tmj>(^n',  or  unit  of  electric  work.  (See 
Work,  Klvctric,    Vnitof.) 

Watt-IIoiir,  Watt-Hlnutc,  Watt-^cond.— Units  of 

work. 

Terms  employed  to  iiulirate  the  expi^nditure  of  an  electrical 
powjT  of  one  ii'dtt,  for  (III  houi\  mimtti\  or  second. 

W'att-^C'tCT.— A  ^'•jilvjinometer  by  means  of  which  the 
siiiiultiineoiis  ineiisiireinenl  of  the  ditferenoe  of  potential  and 
the  current  pussing  is  rendered  possible. 

The  Waft-Mctt'r  i.-onsists  of  two  coils  of  insulated  wire,  one 
coarse  and  the  otiior  fine,  placed  at  right  angles  to  each  other 


Fiq.  ;i:'l. 


W«T<»  «r  CondrnMlton  nml  llHraftHmiiH.  -fh* 
I  Rtternal«  >plii.T>-«  «f  'vii<I«umiI  uihI  rurolliHl  nli-  It;  iwmim  itf 
l.-whieliMiundi*  IrujiHmilliTj.     iHen  .Vimuif  ir>iiv«.| 

Webpr,— A  tarm  tuniM'iljr  i>iii|iUiyMl  fitr  ttiixiiiH  itf"1i>ii 
n^il,»iul  rf|il«ivil  liy  Mtii|iAi'i<.     (Hnn  .littfi^r*.) 
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Weber. — A  term  proposed  by  Clausius  and  Siemens  for  a 
magnetic  pole  of  unit  strength  but  not  adopted. 

This  same  term  was  also  employed  to  desig^nate  the  unit 
strength  of  current.     Now  replaced  by  the  term  ampere. 

Weight,  Atomie (See  Atojnic  Weight) 

IVeinht,   Breaking of  Telt^grapli  l¥ireft.— 

(Soc  Breaking  Weight  of  Telegraph  Wires.) 

Welding,  Eleetrle Elffecting  the  welding  union 

of  metals  by  heat  of  an  electric  origin. 

In  the  process  of  EUihu  Thomson,  the  metals  are  heated  to 
elortric  mcandescence  by  currents  obtained  from  inverted 
iiKliK-tion  coils,  and  are  subsequently  pressed  or  hammored 
ti>p'tlu'r. 

Fi*r.  Ji92,  shows  the  Thomson  apparatus  for  the  Direct  System 
<>r  Kl«»etno  Welding.  The  dynamo  is  combined  with  the  wol*I- 
iiig  apiKiratus.  Tlie  armature  contains  two  separate  wmil- 
iiiiTs;  one  of  fine  wiro,  m  s*»ries  with  the  field  magnet  coils, 
and  am>ther  of  vvvf  low  resistance,  being  formed  of  a 
lT-s!iap<Ml  bars  of  copper.  No  commutation  is  used,  the  alter- 
nating currents  being  well  adapted  for  heating  purposes.  The 
torniiniils  of  these  polos  arc,  therefore,  directly  connected  to 
t  li(»  clamps  that  hold  th<?  bar  to  the  welder. 

Fig.  303,  shows  the  apparatus  for  the  Thomson  Indirect 
System  of  Electnit  Welding.  This  sy.stem  is  applicable  to 
h«'avv  work,  and  cases  wliere  more  than  one  welding  nia- 
<-hnn'  IS  oi)eratod  by  the  (furrent  from  a  single  dynamo. 

In  tins  riuse  a  high  tension  current  is  (.'on verted  into  the  largo 
W4'l(ling current  «»mi)loyed  by  means  of  a  suitably  proportioned 
transformer. 

The  welding  [)ro(ress  is  the  same  in  either  .system,  anti  con- 
sists essentially  in  leading  the  welding  current  into  the  i>ie<es 
to  be  untted  near  their  points  of  junction  when  brougiit  into 
firm  end  contact.  As  the  current  is  lead  across  the  juiution 
the  temperature  rises  sufficiently  to  soften  the  metal,  when 


w<oaiM,nBja  akd  rmm»smt~ 


m 


D  Brmlf  pressed  tugHber  hylhm  tiiotkia  <if  tlM> 
■r  holders. 
[  In  the  process  of  Beitnrdos  and  Olzewski,  Urn  hr*l  at  the  vol- 

niployml  (<ir  a>  «<iai«what  sinular  process. 
I  Wliealatonc-'M  BalaiMre.— ISee  BaUina.  WhfoUtoit^t.'i 
(Sec 


kWh««l.  Fboalr 
Wh«el,  RettcttAfi  - 
Whirl,  eimrlr 
e  an'utiu- •lim.'tion  "F  li 


-Hw  PVm''   tfhrW.f 


Ik  WfTtfWABT  W  W^^TIWAl 


Whl>ll«,    AulomBdr    Elcolric    Sieam A 

s'eaiii  whistle,  employisl  i>u  toggydnyslnsameBjrstemsof  nfl- 
woy  Biffn^'*.  when  tUo  visiiiU  sif^nula  cun  not  be  wan.  In  wbidi 
tlio  pHssngi!  ut  the  stpam  through  '.hn  whistle  ta  antaniiitMaJI; 
obliiinril  by  tht--  i-losini;  ot  »ii  elertiio  cimtart.  op  tbo  pMngc 
of  Ihf  lot-oniotive  ovur  a  i^erlain  pari  ii[  the  tntdi. 

WlHulmnt  Elecliiral  nnrbln«.— A  romi  of  cuuvcc- 
Uon  clectriL-  miwhino  ■nvrnt'-il  by  Wimshiint. 

Lik«  lUe  Uolla  nia- 

ctiine,   Ui(!  Wtnishiinl 

riiAcitine  in  ti  conveolion 

uidiKliou    tniurliine.    It 

b,  hwwever,  more  rIB- 

oienl  in  ttctiuu.  and  »itl 

])rt>halitv     Wfoo    siiper- 

sikIl'    Uie    fgrniHl"    ma- 

chine.    The  WiniHhuret 

iiiikchine  consists  of  tivo 

Ehelliu.--varuish«l  glass 

pl&Ies,  that  tu-B  rupiilly 

rokttMl  in  opposite  ili- 

rrattonit.      Thiu  melftl- 

hiA  Blnps  WB  plaoDd  on 

tlin  outside  of  ewli  ot 

'^-  **■  the  plntM.  IB  Uic  radial 

jiosilioiis  shown  m  Fig.  BW.     TIiwp  m«^tiil  elnps  net  both  as 

inilucttirB  uiid  curnVra;  the  tavrrier  of  one  pliite  at^Ung  na  au 

inihictui-  to  tiie  oUier  plute. 

Two  ciipved  brass  rods,  lermi noting  m  Une  wire  bnuhw 
tliat  luiK-h  the  platen,  me  |iliu:«>l  as  shown.  out<  at  thefrcuitol 
the  phitf.  and  oub  ut  the  back,  at  right  nngl«  to  each  oUiM. 
Paiwof  conductors,  connected  togethi-r.  provide.)  w>th  poUiioI- 
ing  poiBfa,  are  plated  dtnmetriittlly  oppcisitt'  each  ottmr,  ■■ 
shown.  Sliding  conductors,  temiinatod  with  upialllc  balk 
provided  lor  discharging  the  oondiictora.     Uvydvtt  jut 


Uie  inner  coaiingn  of  kIiicIi  ar«  Muneoleil  willi  llii-  two  iliii- 
vhargins  ruUii,  mmI  lh<  oiiUt  (.'oalin],'H  (o^Uier  niuy  l>i>  i>iii- 
plo>-ed  in  Uiis  « in  thp  Hultx  machine. 
TUi!  exact  action  of  litis  machine  in  not  tlioroii);hly  iindnr- 

Wind.  Etcdric Tlie  oonvoctton  atreiun  of  »k 

porliclca  produced  at  tliv  extr^iiiitiea  «t  pointit  attaoliod  lu  tlia 
Burlaix  of  cbargcd,  insulalwl  tvinduf.-tuiii.  (See  Corttt^ion, 
Eltetrie.     Flirr,  Elrdrir.) 


ICC  or  D)'iiamo. — A  term  propoaed  for  th*  ftlr 
pbptireen  tliv  annuluri!  and  the  pole  pieoM  of  %  AyMMto. 
\,  <:ampound i,Sea  Comtpommd  W-Mmd 

wtric  31 'uliint.) 


n.    tmpJTt'   - 


-  —(Sft*    TVth^    AWh 


A  DICfnONABT  OT  XEJBOnuOAL 


WlBdlnyt,  BMllar  of  CMIfl.-«9ee  Bi-FOar 

Windings  of  CoOm.) 

Wire  Owmge^-^A  device  for  aocarately  measajring  the 
diameter  of  a  wire. 

The  round  wire  gauge^  shown  in  Fig.  896,  is  very  generally 
used  for  telegraph  lines.  Notches  of  vaiying  widths,  cut  in 
tlie  edges  of  a  circular  plate  of  tempered  steel,  serve  to  ap- 
proximately measure  the  diameter  of  a  wire,  the  side  of  the 
wire  being  passed  through  the  slots.  Numbers,  indicating  the 
different  sizes  of  the  wire,  are  afiSxed  to  each  of  the  openings. 

Wire  Oauve,  Temler  or  MleromeCer A 

gauge  employed  for  accurately  measuring  the  diameter  of 
a  wire  in  thousandths  of  an  inch,  based  on  the  principle  of 
tho  vernier  or  micrometer.    See  Fig.  396. 

The  wire  to  be  measured  is 
placed  between  a  fixed  support 
B,  and  tlie  end  C,  of  a  long  mov- 
able screw,  which  accurately  lits 
a  threaded  tube  a.  A  thimble  D, 
provided  with  a  milled  head  fits 
over  the  screw  C,  and  is  attached 
to  the  upper  part.  The  lower  cir- 
I'iff'  S96.  cum  fere  nee  of  D,  is  divided  into 

a  scale  of  20  equal  parts.  The  tube  a,  is  graduated  into 
divisions  equal  to  the  pitch  of  the  screw.  Every  fifth  of  these 
divisions  is  marked  as  a  larger  division. 
The  principle  of  the  operation  of  the  gauge  is  as  follows : 
Suppose  the  screw  has  50  threads  to  the  inch,  the  pitch  of 
the  screw,  or  the  distance  between  two  contiguous  threads, 
is,  therefore,  |^,  or  .02  of  an  inch. 

One  complete  turn  of  the  screw  will  therefore  advance  the 
sleeve  D,  over  the  scale  a,  the  .02  inch.  If  the  screw  is  only 
moved  through  one  of  the  20  parts  marked  on  the  end  of  the 
thimble  or  sleeve  parts,  or  the  ^  of  a  complete  turn,  the  end 
G  advances  towards  B  the  ^of  ^,  i.  e.,  j^  or  .001  inch. 


WomOB,  TRRWB  AHD 

V,  a  wire  is  pIu^Hil  Ix^Iwuuii  B  anil  C,  axxA  Ibu 

|v&noc<I  until  it  Inirly  fills  Ihn  Hpmii  bulwccn  lli*m. 

d  the  reading  shows  two  of  Uie  lurgnr  divbiioiui  on  th«i  Kalo 

Uiree  of  tile  smaller  ones,  iwid  throe  on  the  cndot  UiobIuuvii 

S.    Then 

8  larger  divisions  of  scale  a  =0.3  Indi 

8  smaller  divisions  orscnlr-  i =    .H 

3  divisions  on  drtnilarsi'uk' on  D =  j*"*?. 

Diuineter  of  wire =0.866 

Seriotu  iDconvenionco  has  arlacn  In  pnurticu  troin  the 
ninerous  arbilrury  nuinben  or  Kitee  of  wires  rinployed  by 
lA^rent  mnnufartiirrrs,  The«'  UiffurciiwB  aro  Kradiially 
ittading  to  tlie  abnndonnienl  of  arbitrary  sixes  fur  wlrea.  And 
employing  in  ploi.^  tiici-uof,  the  diuiauters  diruotly  in  ineket 
lOr  Ihouaandx  of  an  indi. 

Wire,  Orounded (Sec  Oround  or  Karfh.) 

Wire,  Inaulatcd Wire  covi-rw!  with  any  inso- 

itin;;  material. 

Cotton  und  silk  ure  generally  employed  Tor  insidating  pur- 
s,«ttber  alone,  or  incuoneelion  willi  various  gums,  resins, 
pother  materiulK.  which  are  plaalio  when  heated,  but  whirh 
gUdity  on  rooling,    India  rubber,  cooutdiuuc,  anil  t 


nixturcb  and 
MU|Kwe. 
mP  Tor  n 


m|)uuudH  are   also   empluyed   tor  the 


lost  of  the  purposes  ot  line  wires,  high  Insulating 
»<ren,  eombiiied  with  a  low  specine  iuduottvi-  capacity,  is 
iquircd  in  the  insulating  materials. 

For  overhead  wires  a  wuterproor  cov<-ring  Im  niH^cmory.  In 
it  n«jg1)borhood  of  conibustible  materials,  Kotav  fireproof 
tvcring  IxdeBirHlile. 

WlTM,   Condartlbllll)-  and    til«c»    of -— . 

be  foUowing  liilileo  givi-  the  rraMlame,  «i*',  welifht  p«r 
bot,  etc,  of  wire  ai.'<!oi-iling  to  umiv  ut  Lbn  r>Hn>'l(uU   wiru 
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A  DICTIONABT  OF  KLXCTBICAL 


Number,  Diameter,    Weight,  Length,  and  Resistance  of 

Pure  Copper  iVire, 


AMKRICAN   OAUOK. 

Weight 

KcfllsUiice  of  Pare  Copper 

Diam. 

Sp.  CJr. 

^.889. 
Lbs. 

Length. 

at  70»  Fahrtinbeit. 

1 

On«.  per 

Ohnrn 

Feet 

No. 

Inches. 

per  1000 

Ft.  per 

perlOOO 

per 

Ohms  per 

feel. 

Lb. 

Fl. 

Ohm. 

Lb. 

0000 

.460 

4475.88 

639.83 

1.56 

.051 

196a%.60 

.0000796 

000 

.40964 

8549.07 

507.01 

1.97 

.OM 

15547.87 

.000127 

00 

.8&I80 

2814.62 

402.09 

2.49 

.081 

1 J  {30.36 

.»K)2itt 

0 

.Si496 

2233.28 

319.01 

3.18 

.Ittd 

9783.63 

.(KI0S2U 

1 

JHB90 

17r0.13 

252.88 

8.96 

.129 

7754.66 

.00051 

2 

.25768 

1408  79 

200.54 

4.91 

.163 

6149.78 

.000811 

8 

.22942 

1113.20 

l.W.OS 

6.29 

.205 

4>'7»;.73 

.0012H>i 

4 

.20431 

8«2.Kr) 

126.12 

7.93 

.2r»9 

1    3867.t?2 

1             .002f»5 

5 

.IHlia 

TlKl.lO 

100.01 

10.00 

.:«6 

3067.06 

.0U«26 

G 

.16di>2 

.YvVJO 

7U.32 

12.61 

.411 

24.32.22 

.atti8 

1 

.1442K 

440.  ..»7 

(WW) 

1.5.90 

.519 

1928.75 

.00824 

H 

.12W« 

.%4«.I8 

4U.88 

20.05 

.6M 

1.5i9.«)9 

.01311 

9 

.11443 

27»i.lM 

:yj  .^lO 

2:).28 

.824 

1213.22 

.02083 

10 

.10180 

21l).:.7 

;ii.37 

31.88 

1  040 

961.91 

.08814 

11 

.01)074 

174.15 

24  88 

10.20 

1.311 

762.93 

.05269 

n 

.(HIHl 

138.11 

1<».73 

.')0  6«» 

1.653 

605.03 

.(«rr 

13 

.071% 

lO'.»..Vv» 

i.'i.rM 

6.3.91 

2.084 

479.80 

.1.3321 

14 

.iMiKlH 

m\.m 

12.41 

80..V.) 

2.628 

380.51 

.2118 

1.') 

.(r>7»W 

«W.88 

9.84 

101  6^ 

3.314 

301.75 

.3368 

1« 

.(»5il«2 

.">».«« 

7.81 

12s.  11 

4.179 

239.. •« 

.5yi5 

17 

.oir.-r) 

4.1.32 

6.19 

16159 

5.269 

189.78 

.8615 

18 

OKrU) 

:ii.:fi 

4.91 

203.76 

6.645 

150.50 

13539 

Itt 

.aiv« 

26.4U 

3.78 

264.26 

8.617 

116.a> 

2.2772 

a) 

.(WIW 

21.61 

3.09   , 

324.00 

10.566 

94  65 

.3.423 

'ii 

'    .(W8«i 

17.13 

2.45   1 

408..56 

13.323 

75.06 

5.443 

SK 

.0-jr>347 

13.50 

1.94 

51.5.15 

16.799 

59.5:3 

8.651 

iCJ 

.0W.')71 

10.77 

1.54 

(V4g.66 

21.185 

47.20 

13.763 

*^l 

.<«)! 

S..M 

1.22 

819.21 

26.713 

37.43 

21.885 

25 

.01 7U 

6.78 

.97 

1032.ir) 

3:i6»4 

29.69 

34.795 

iHi 

.(M51M 

5.37 

.77 

1302.61 

42.477 

23.54 

.%5..331 

27 

.014195 

4.26 

.61 

1W2.55 

biiMH 

18.68 

87.979 

28 

,    .01,'IMI 

3..'« 

.48   1 

2071.22 

67.542 

14.81 

139.893 

2U 

.011257 

2.68 

.38   1 

2811  82 

85.170 

11.74 

222.449 

30 

1    .010025 

2.13 

.30   , 

329:197 

107.391 

9.81 

353.742 

31 

'    .008W8 

1.69 

.24   ' 

41.52.22   ! 

135  402 

7.39 

.562.221 

32 

.00795 

1.34 

.19   i 

523(t.66 

170.765 

5.86 

894.242 

33 

'    .0070?^ 

1.06 

.15 

W502.71 

215.312 

4.64   1 

1421.646 

34 

.(lOGri 

.81 

.12 

8:J28.30    I 

271.583 

3.68 

2961.82 

35 

.00fj«il 

.67 

.10  1 

10501.35 

342  41-i 

2.92 

3596.104 

86 

.005 

.5J 

.08 

13238.K* 

431.712 

2..S2 

5715.36 

37 

.00145 

.42 

.06 

KMH.Oi; 

W  1.287 

1.84 

9tHl.71 

88 

.003965 

.34 

.05 

20HM.t«'> 

(ws.ni  1 

1.46 

14.%».26 

39 

.(JOaVJI 

.27 

M 

26302.2:{ 

8H5  0;6 

1.16 

22752.6 

40 

.003144 

.21 

i 

.OJ 

1 

J3I7j.;;4 

109.. «t5 

.92 

96223JS0 

Table   Slt<Mrimg  tht   iPiftrraet   ^ef«<e^■    Wire    Gamgra. 


Mmr, 
Mia 

.ftlH 

.01225 

-01135 

.0:02.^ 

.008.-, 

.009 

.0075 


.WKI 
-SMK 


.9*131 

.mw 
Atsatt 

.12ft4ft 

nwt 

.IOI*« 

■wm 

-WWrl 
■WIW 

.WTO* 

.wm 

■(M0«> 
.'WSW 

."25347 

.0201 

.01 7B 
,015«4 

.nui(i.-i 

.OIZMt 

.oiia.-.7 

.IIKHKJ-, 
.nOHft-JH 

.rirmp.1 

.0(17' « 


L  DicnoMAST  or  KUtCrUOAL 


New  Lbqal  Staksabd  Wmx  Qacqk  (Bmouso). 


su.™ 

BUm^ar. 

wdgtatof 

L,njUi 

flmJtlm-rtntoi 

8J. 

OUIRI. 

tart^ 

UIII.- 

Um. 

Lhi. 

Cwl. 

ed.  " 
LU. 

Briafrt 

Lbi. 

Vudf. 

VO 

.500 

13.7 

.loes 

108.4 

84H 

58 

10470 

15700 

7/0 

a/0 

.4«4 

11.8 

.lesi 

146.S 

a»80 

67 

9017 

1352S 

6/0 

6/0 

.4S3 

11. 

.1466 

1444 

3S41 

78 

7814 

11736 

5/0 

4.0 

.400 

10.3 

.1357 

188.6 

3179 

91 

6708 

lOOSS 

4/0 

3/0 

.S7S 

B.4 

.1087 

107.1 

isas 

105 

5796 

8694 

3/0 

8/0 

.848 

B.8 

.0051 

93.7 

1649 

130 

5073 

7608 

2/0 

1/0 

.424 

8.3 

.0824 

81.3 

1420 

138 

4897 

6505 

1/0 

1 

-300 

7.6 

.0707 

69.9 

132S 

161 

3770 

6655 

1 

a 

.376 

.0598 

58.9 

1037 

100 

31« 

4785 

3 

3 

.a-.3 

6.4 

.0490 

49.1 

864 

338 

2660 

3900 

S 

4 

.232 

r).9 

.0433 

41.6 

788 

360 

2354 

3381 

4 

6 

.312 

HA 

.o&ia 

34.8 

013 

333 

1688 

3834 

S 

6 

.193 

4.0 

.0390 

38.0 

503 

393 

laa 

3816 

S 

7 

.178 

4.3 

.0243 

24. 

433 

467 

1398 

1040 

7 

8 

.160 

4.1 

.0301 

1S.8 

348 

566 

1073 

1608 

8 

9 

.144 

3.7 

.0163 

16. 

383 

700 

869 

1308 

0 

10 

.138 

3.3 

.0130 

13.7 

233 

883 

687 

1030 

10 

11 

.116 

3. 

.0106 

10.4 

183 

1077 

564 

845 

U 

13 

.104 

2.6 

.0083 

8.4 

148 

1333 

Ki 

680 

12 

13 

.083 

2.3 

.0060 

6..^ 

114 

1728 

3.M 

533 

18 

U 

.080 

2. 

.0050 

5. 

88 

3340 

368 

403 

14 

IS 

.072 

1.8 

.0041 

4. 

70 

3800 

318 

826 

15 

16 

.OM 

1.6 

.0032 

3.2 

66 

3S00 

173 

357 

16 

.066 

1.4 

.0035 

3.4 

43 

4067 

131 

197 

17 

18 

.048 

1.3 

.0018 

1,8 

S3 

6333 

07 

145 

18 

IB 

.040 

1. 

.0013 

1.3 

31 

9333 

67 

100 

IB 

20 

.086 

.0 

.0010 

1. 

18 

11300 

_" 

83 

30 

(/«*ued  bg  the  Iron  and  Steel  Wire  Mfrt.  Aaaociation.'i 

Wires,  CroM <8ee  Oom,  EUctrie.) 

Wires,  CroMlng.    (See  Crouing  Wirea.) 


WOSOe,  TVRHS  AKD  PHRAOm.  AM 

I  Wood'!     Ballon    Repeater.— <3e<^     liepeiUtr.    TtU- 
Ffraphin.) 

Work,  Electric— Thft  Joule.     {Sen  Jmtfc.) 

Wnrk,  Eleoirlt,  tlnll  of Tlie  voU-eoulomb 

I  or  joult-     (See  Vall-Criutnmb.  Jitttlr.) 

Work,  Unit  of Th«  erg.    (S«e  Brp.) 

Tohea  of  Eleclro  nt&|piel.— Thn  wild  trow  piMsnit  at 
I .  Iron  that  join  the  ends  ot  tlip  HpM  niUKiiH  cilh  of  dynamo  «l»o- 
t.tric  machines,  or  of  electro  iiiu^rla  K^nrrully. 
Zero  HelboiiB.— (Hee  Suit  Melh'xU., 
Eoro  Poieollol.— The  poterliftl  th.'U  vrmilil  i-^lst  nl  an 
I'inBaite  distani^  troni  uuy  elcdrilk-'l  li'-dy. 

I   In  pntctice,  the  iiotfrnlliil  of  tlu>  i-nriii  i«  r"Kikr<l'-il  •■  llin  M<r>f 
<See  Potrntinl.  Zrm.} 
i  Lfghltllnc.— Forked  hi{l)tnhi(r.    fK»<  rjfjklnlnii. 
V-) 

■i  *— a«f— — «i— '^r Thn'«iVKrlriK<'r«ii><il- 

n  ot  line  with  m  tnjAr  of  tiMrmir;. 

AlAApbUofaiii-,  11*  BurrauiiU  Onrt  KoroiiKltly 

1  bjr  tnnneniing  the  plala  in  ililiiU  itiilptiii'lii  i"'l<1  "f 

kbout  ons  part  of  arid  Urtt^or  (wclcf!  |«if1a  nf  wHtir,     A  fHW 

drops  of  m«mir7  nn  thni  rutihM)  r/V'^r  tl«  »iirf»>i-,  Omm  xiinl ' 

tagltwilhnbriKhtRiHjdlii^ainiof  dMi'BDMiliKWPi.     ''ni-n  niM*l 

k  bttlalMniiottouM  tM>mi)):bm*fniry,  iHn>«  th»«<>i"  I'lu'"  >*I11 

isbe  ranil«!r«<l  ImtUe. 

B  BBooMJtjr  (or  «nial(puH«UiHC  <)•<•  Hi""  wfl*"*  ffiiii  Mii> 
ao(«serg7lhrotifChl«Mi/'irf.'..>,  >.><  •.•'h».H  »  |,i>ri>  : 
ThCKtioBOf  thnknulfpuii      >  <• 

I Jkea  0f  tba  due  pLilx  wjti. 
fOntbapoIanalinn'if  tit«  ■■''  ■»• 


«  W(  l>h«Ht|l'«ltlf  |lllf  •'  * 
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▲  Dicnoif ART  or  BAcimiCAL,  nc 


Xtaicode  •r  TolUUe  Gell.— A  term  fonnerly  employid 
to  indicate  the  sine  terminal  or  electrode  of  a  Toltaio  oelL 
The  negative  eUetrode  or  kathode^  are  i»eferable  temu. 

Xone,  Polar A  term  proposed  by  De  WatteviUe 

for  the  aone  or  region  surrounding  the  therapeutio  electrode 
applied  to  the  human  body  for  electric  treatment. 

Xone,  Peripolar ^A  term  proposed  by  De  Watte- 

▼ille  for  the  aone  or  r^on  surrounding  the  polar  aone  on  the 
body  of  a  patient  under  electro  therapeutio  treatment 

Zlne  Sender.— A  device  employed  in  telegraphic  dr- 
cuits,  in  which*  in  order  to  counteract  the  retardation  pro- 
duced by  the  charge  given  to  the  Ime,  a  momentary  reverM 
current  is  sent  into  the  line  after  each  sig^aL 

A  zinc  sender  generally  consists  of  a  low  resistance  Siemens 
relay  introduced  between  the  line  and  the  front  contact  of  the 
signaling  key. 

THE  SNDw 


APPENDIX 


or  N««irsl-Wlre  AM|»(r«  Mvlvr.— An 

unp^re   meter  plocod  in  the  circuit  of  Uio   iiniilnil  wiiv,  in  * 

U>r*e-»rire  Bystem  of  elcftrii'  distribution,  fiirtlm  purpoao  iif 

sbovring  II  «  excess  of  ciirr^ul  |<aMiti);  ovur  imo  side  ol  tko 

cj^em  ns  compun^  with  the  other  sidp.  whrn  tho  c«ntrml 

wirv  is  DO  longer  neutnU. 
Bslnnced  IReMlllv  Clrvnil.— A  nietnllic  ctmuit,  Uia 

two  Bides  of  w)iich  liave  similnr  etectriciU  properties. 
B«nkpd  Ballerj-.— <Sve  Balttrji.  Banktd.) 
BMterj-,  Bniikvd.— A  term  sometimM  appli«I  to  n  bnt- 

tcrjr  fraro  which  a  niimbvr  of  B«purale  drcuits  nru  auppllpd 
ith  current. 

The  t«rni,  liankpd  bsittery,  iit  BomeliiDeH  itpplit^d  to  n  multi- 
voonevtvd  butl»ry. 
-Piece  or  DynRno  EIretrIc  niiM>Mn«.— Thn 

Intne  on  which  a  dynamo  is  niipiwrtod. 
Tb«  bei]-piei.'«  18  HoineilniM  i.-iLll«d  tlii^  dynaiuo  framoi. 

Bell,  KIgllt. (Soo  Mghl  JMI.) 

Board,  C  rout-Connect  Ins. 1800    Croaa  C'nic 

netting  Snnrd.) 

Box.  Cable. (See  Cable  Boj-.) 

Box,  Junction. {Sec  Junrlion  Box.) 

Braneh. — A  term  appliod  to  any  principnl   dlMl'Ibutltitr 

conduclur  fruni  wtiich  ixitleU  are  tuken,  or  tapa  miwlc. 
Break-Down  Swiieh.— A  np(>riai  iiwitrh,  omployrd  In 
nail  lhri->e-wir<>  systems,  for  connecting  the  poilllv* and  itpjpi- 

Hvq  bttn-wir^K  in  such  a  manner  im  to  permit  th«  ayateni  to 
■uppli<>il  with  I'uri'ent  from  tlin  dynamo  In  um*  nn  oni>  •ida^ 
tho  syBtoni  only. 


o 
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Bridgctt. — Heavy  copper  wires  suitably  shaped  for  connect- 
ing tlio  dyuamo  electric  machines  in  a  station  to  the  bus-rods 

or  wires. 

Biiff. — A  term  originally  limited  to  quadruplex  telegraphy 
to  desi<j:nate  any  fault  in  the  operation  of  the  apparatus. 

This  torni  is  now  employed,  to  a  limited  extent,  for  faults 
in  Iho  ()|HM*ulion  of  olectric  apparatus  in  general. 

Biitf-Trap. — Any  device  employed  to  overcome  the 
••bug"  in  quadniplox  telegraphy. 

BuM-Rodii  or  Wlreii. — Heavy  copper  rods  employed  in  a 
station,  to  wliich  all  the  generating  dynamos  are  connected 
and  from  whioli  the  current  passes  to  tlie  different  points  of 
thr  distnl)utii)n  system  over  the  feeders. 

• 

C'able  Box. — A  recei)tiu-le  provided  for  holding  and  secur- 
ing  the  terminals  of  a  Ciible,  or  underground  conductor. 

Cable  Laid-l  ji  In  IjayerH.— A  term  applied  to  a  cable, 
all  the  win's  of  which  are  in  lavers. 

Cable  JLald-l'p  In  ReverAcd  Layers.— A  term  ap- 
plied ti>  a  cable  in  which  the  conductor,  in  alternate  layers, 
are  twisted  in  opposite  dinvlions. 

Cable  Lald-1'ii  In  TwlNled  Palm.— A  term  applied 
to  a  cable  in  which  every  pair  of  wires  is  twisted  together. 

Calllnir-Drop. — An  annunciator  drop  employed  to  indi- 
cate to  the  operator  in  a  telegrai)hic  or  telephonic  sj'stem 
that  onv  subscriber  wishes  to  be  connected  with  another. 

Callln(j[-\Vlre« — A  win*  emplo^'cd  in  a  telegraphic  or 
lelcplu)nic  system,  by  means  of  which  a  subscriber  communi- 
cates with  th«.'  central  otlice,  or  one  central  office  communi- 
cates with  another. 

Cam,  I^istenluff. (See  Listening  Cam.) 

Capaelty  of  a  Cable.— The  electrostatic  Capacity  of 
on«' «  oinluctorof  a  cable  as  compared  with  the  capacity  of  the 
remainder  of  the  conductors  grounded. 
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Centre  orDistrlballon. — InasyHtem  of  rnulliplo-dislri- 
^  bution,  a  place  wli«re  branch  cal-outn  an'l  awitclivH  nrc  plnceil 
[  Id  oni^r  to  cuatrol  cuminonii'&lion  thni'^witli. 

Cllmbvrm  nnd  9lrap«.— Devifi>M  i-mployeJ  by  linemrn 
for  i-)iiiibin£  wootleii  tclegnipli  poles, 

Colombin.^A  nain<'  upplied  to  lb'  inHululor  botwt^cn  ttie 
parallel  earlxins  cif  the  Jnbtofhkoff  uanctle,  ooiisiating:  of  a 
mixture  of  suliiliute  <jt  buryU-n  unil  Hiitpliiito  of  lime. 
[     ConnnuimlnK   Tranaformcr*,    DiMrlbullun    ft}* 

I- (See  Sgtl^m  of  EkHrirai  DMribulioa  hy  C'ymmn- 

toting  Trantforniert.'i 
CnDd«na«r*,  layMein  of  Alternalo  Current  DiMrl- 

ballon    by  nntn*  of (See  Syrt'-m  of  Allcrnnlr 

Current  Dinlribulinn  by  Meatm  of  Condtniterx.'t 
CondenMvro.  ?ii»l«.-ni  of  Coniinuona  <'iirrenl  Dlw- 

irtbulion  bj'  neannof (See  f^yglvm  vf  Coniinu- 

ouii  Cumnt  DUtrilndion  byittansof  Conrfrn-.'rs.) 
Coiitraplcx  TvlvKriiphr,— A  name  givca  to  uKpccuil 
L4j*^io  "'  duplex  tdt^rapliy. 

■m, — A  liorixunlal  beAm  nttwhcil  in  n  pole  for  the 
jfort  of  tvl«graplt,  electric  light  nnd  other  eiectrlo  wirni. 
CroM  Connecting  Bonrd.— In  h  sj-sli-ni  of  li'lr^^-ruphic 
r  talephonie  com municn lion,  a  board  to  whk-h  tlu?  line  l?r- 
■run  hpfiir''  eiilprjng  the  switchboard,  mi  uv  to 
»dily  place  any  substriber  on  any  desired  leetiou  of  tlie 
■ritchboard. 

m  Connection,  Telephonic A  device  lan- 

)yMl  in  Bj'sk'iuH  at  Icleiilionli'  I'ottimiiiiit'aliun  forthupur- 
iwiiing  Ihe  Imii]  rlU'ctti  af  iniluctiun,  in  wliicb  f(|il&1 
iH  of  aifjito'iil  [lamlli-l  wirvx  are  allemat«ly  ntJMied  »o 
b  to  lUlnmAtcly  occupy  the  oppoBit«  »id««  u(  the  cimiil. 

ilk.— In  tf-lRpbony  nn  inc1i«tinetn«u  In  tlio^pMieh 
ittllteil  over  any  circuit  du«  lo  tills  cirmiit  reoeivlng, 


either  by  accidental  contacts  or  by  inductioii,  the  qieech 
transmitted  over  neighboring  circuits. 

Curb,  Doable (See  Double  Curb.) 

Carb  8l|rni^lnff*^Ii^  cable  telegraphy  a  system  for  avoid- 
ing the  effects  of  retardation  by  rapidly  discharging  the  cable 
l>efore  another  electric  impulse  is  sent  into  it,  not  by  connect- 
ing it  to  earth,  but  by  reversing  the  battery  and  then  connect- 
ing to  earth  before  beginning  the  next  signal. 

Curb  Mff  Baling,  Doable  Cterb Incurbngnal- 

ing,  a  method  by  which  the  cable,  after  connection  with  the 
battery  for  sending  a  signal,  is  subjected  to  a  reverse  battery, 
but  instead  of  being  put  to  earth  after  this  connection  as  in 
single  curb  signaling,  the  battery  is  again  reversed  and  con- 
nected to  earth. 

The  time  diiriug  which  the  cable  is  connected  to  the  re- 
versed batter}'  before  being  put  to  earth,  that  is,  the  time 
during  which  it  receives  the  positive  and  negative  currents 
may  be  made  of  any  suitable  duration. 

Curb  Signaling,  Single  Curb In  curb  signaling, 

a  method  by  which  the  cable  after  connection  with  the  battery 
for  sending  a  signal,  is  subjected  to  a  reverse  battery  current 
and  then  put  to  earth  before  again  being  connected  to  the 
battery  for  sending  the  next  signal. 

Cut-out,  Duplex (See  Duplex  Cut-out) 

Dcealescenee.— A  term  proposed  by  Prof.  Elihu  Thom- 
son for  tlie  absorption  of  sensible  heat  which  occurs  at  a  cer- 
tain point  during  the  heating  of  a  bar  of  steel. 

Decalescence  will  thus  be  observed  to  be  the  reverse  of 
recale^scence,  which  is  the  phenomenon  of  the  emission  of 
sensible  heat  at  a  certain  point  during  the  cooling  of  a  heated 
bar  of  steel.    (See  Eecaleacence.) 

Distribution  of  Continuous  Currents  by  Means 
of  Condensers. — (See  System  of  Continuous  Current 
Distribution  by  Means  of  Condensers,) 


Duublc  Curb.— An  inRtrum?nt  invenle<]  by  Sir  Williuin 
'Xhomsoiii  employed  in  curb  signaling,  by  means  of  which  llie 
'  ligTi&la  are  made  and  the  curb,  either  single  or  double,  in  any 
'  fequired  proportion,  is  applie<1  automatic  ally. 

Double  Curb  Signaling.  —  (See  Curb  Signaling, 
Ztouble  Curb.) 

Double  Plug. — A  plug  sa  constructed  that  wh^n  in- 
■ertec]  in  u  spring-jack  it  makes  two  connections,  one  at  its 
point  and  one  at  its  shank.     (See  Spring  Jack.) 

Double  Trolley  8; Mem  of  Eleelrie  RallroHd*.— 
A  system  of  electric  railroad  propulsion,  in  which  a  double 
trolley  is  employed  to  take  the  the  driving  current  from  the 
AV«rliMid  wires. 

Tlie  double  trolley  system  differs  from  the  single  trolley 

qrst«iin  ill  that    it  employs  no  earth  return.    The  parallel 

Win^B  oJsu  avoid  the  elTet'ts  of  injurious  induction  in  neighboi- 

fng  trlcgrikph  or  telephone  wires. 

Duplex  Cut-oul. — A  cut-out  so  arranged  that  when  otii- 

»i  is  fuseil  ur  melted  by  an  abnormal  current,  onotlier  con 

I  immediately  substituted  tor  it. 

Electric  Tbernio  Call.— An  instrument  torwiundinn 
An  alarm  when  the  temperature  rises  above,  or  tails  below,  a 
jd  point. 

n  one  form  ot  this  inntrument  a  needle  Is  moved  over  a  dial 
ky  a  simple  thermic  device  and  rings  a  bell  when  the  teiiipeni- 
e  for  which  it.  has  been  set  ia  attaJniHl.  The  thermo-cnll 
lib  applicable  to  the  reKiilaliou  of  the  temperolure  of  dwell- 
tagt,  incubaturs.  hot  liouaps,  breweries,  drying  rooms,  etc 

Feeder.— One  of  the  conducting  wires  or  chnnnels 
'  through  which  the  current  is  distributed  to  the  main  con- 
4iictoni. 

Feedcr-Swilch.— Thti  switch  employed  tor  connecting 
ir  discounectliig  each  conductor  ofa  feeder  from  tJie  bus-ban 
te  a  central  iittttioii. 
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Feeder-Equalizer,— An  adjustable  resistance  placed 
in  tin*  rirouit  of  a  f«H»ilor  for  tlic  purfvose  of  regulating'  the 
ilifft'n'nce  of  }>otonti;il  at  the  junction  box. 

Fire  Baliti. — A  torni  sometimes  applieil  to  globular  light- 
ning.    {See Lightning,  Globular.) 

Forec  de  Ciic%'al,— Tlie  French  term  for  horse  power. 
The  force  clc  choval  is  equal  to  !}2,560  foot  pounds  per  minute. 

Frame  of  Dynamo  Eleetrle   Maehlne.— The  bed 

piece  that  su|»p<>i'ts  a  dynamo  electric  machine. 
The  frauK^  is  sometimes  called  th»»  dynamo  bed  piece. 

CiiradualorN. — Devices,  genemlly  electix)  nia^^nets,  in- 
sert «mI  in  a  <iri'uil  so  as  to  obtain  the  makes  and  breaks. 
i-e<niiieil  in  a  system  of  telegraphy,  so  g'radually  tliat  they 
fail  t«»  iiillueiu*'  the  diaphi'agm  of  a  telephone  ])laced  in  the 
same  tiriuit,  and  thus  to  permit  a  simultaneous  teh'graphie 
and  telephonic  transmission  ovtM*  the  same  w'lvo. 

(liriiiiiid  Deleeliir.— In  a  system  of  incandescent  lamp 
di^ti-ihutiou,  a  device,  placed  in  tlie  (central  station,  for  show- 
niLC  l»y  the  candle  power  of  a  lamp,  the  proximate  location 
of  a  Lrr«»nnd  on  the  system. 

llor*»e  ■•€»\%'er  of  Waler.— The  Indian  Governnu'ut's 
term  for  hor>e  power  devtdoped  hy  falling"  water. 

Tln'  «'Ntiinate  is  made  by  the  following  simple  rub* :  bicubic 
fe«*t  of  water  falling  per  siH'ond  through  one  foot  equals  1 
horse  power. 

llciUAe  !?laili. — A  term  employed  in  a  system  of  multiple 
incandescent  lamj)  distribution  for  the  conductor  connecting 
the  house  servi(M»  conduetors  with  a  centre  of  distribution. 

■loiise-^ierviee  ('oiidiiet<»r. — A  term  «'mployed  in  a 
system  of  nndliple  in<*andeseent  lamp  disti'ibution  for  that 
portion  of  the  (Mrcuit  which  is  included  between  the  service 
cut-out  and  tlu»  centn*  or  centres  of  distribution,  or  b(?tween 
this  cut-out  and  one  or  more  points  on  house  mains. 


Hjriieresis. — Molecular  friction  to  magnetic  change  of 


That  property  of  a  medium  in  virtue  of  which  work  is  done 
in  changing  the  direction  or  mtensity  of  magnetic  force  among 
its  parts. 

InterertMMliiK. — In  a  system  of  telephonic  communica- 
tion, a  device  for  avoiding  the  disturbing  effects  of  induction 
by  alternately  crossing  equal  sections  of  the  line.  (See  Cro99- 
Connections^  Telephonic.) 

Joint,  &lee%'e. rSee  Sleeve  Joint.) 

Janeiloii  Box. — A  moisture-proof  l>ox  providetl  in  a 
system  of  underground  conductors  to  re<*^ive  the  terminals  of 
the  feeders,  and  in  whkli  ronnection  is  iiiadn  lH*tw»'»»ii  th»* 
feeders  and  the  mains  from  which  the  current  is  distributed  to 
the  individual  consumer. 

KiMCtic  Theorjr  of  Matter.— A  theory  whirh  .'i.s.siuiie<( 
that  the  molecules  of  matter  are  m  a  i.-onstant  stati*  of  motion 
or  vibration  towards,  or  from,  one  another. 

Applying  the  kinetic  th»'ory  of  matt»T  to  ^'.lhcs,  th*-  iiiob*- 
cules  of  wliich  have  gr#*at  free<lorn  of  motion,  th**  mole- 
cules are  so  far  removefl  from  one  anoth<T  as  t^^  \f*'  but  httb*, 
if  any,  mfluenced  by  th**ir  uuitual  attrartioris.  Tln-y  an? 
therefore  assumed  to  move  in  straight  htwH  wifb  vry  great 
velocity  until  they  collide  against  one  another,  (»r  against  th<' 
sides  of  the  containing  vess^rl,  wb*-n  they  are  reflect^rd  and 
again  run  in  straight  lines  in  a  new  \riiih. 

Lfef. — In  a  system  of  telephonir  exchange,  a  single  win*, 
where  a  ground  system  is  used,  or  two  wires  wh*'n*  »  iiH'falln 
circuit  is  employed,  for  i;/>nnerting  a  Hulm<'ril»er  wi(h  fh**  mum 
switchboard,  bv  means  of  whirb  tb**  Hiilm/rlber  in»v  b«'  b«gtc«Ml 
or  placed  direclly  in  circuit  with  two  or  mon*  |»ar1i«'s. 

Lefrgini?  Ke]-Boiird.- A  k«ybonrd  employed  for  tlii« 
purpose  of  legging  an  operatorinto  thecimiitronn*'*  Hug  I  wo 
or  more  suliscribem. 
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Uaet,  OTerliead. (Bee  Overhead  Limee,) 

Utteiilnff  Can.— In  a  telephonic  exchange  ^yatem  a 
metallic  cam  by  means  of  which  the  operator  is  placed  in  cir- 
cuit with  a  Rubfioriber. 

Main  Feeder. — (See  Standard  or  Main  Feeder.) 

Main,  House (See  Houee  Main,) 

Hlaini,  Street (See  Street  Maine.) 

Matter,   KInetle   Theory    of —<See    Kinetic 

Theory  of  Matter.) 

Motor-Oeneratort*  —  Dynamo-electric  generators  in 
which  the  power  required  to  drive  the  dynamo  is  obtainetl 
from  an  «?lectric  current. 

Motor  generators  an*  used  in  systems  of  electrical  distribu- 
ti<»n  for  the  purpose  of  changing  the  potential  of  the  curivnl. 
Thev<'onsistof  dvnamos,  the  armatures  of  which  are  furnisht^l 
with  two  separate  windings,  of  fine  and  of  coarse  win*  i-espet^t- 
ivcly.  Ont'  of  tlujse.  genemlly  the  Hue  wii-e,  receives  the 
driving  or  motor  current,  usually  of  liigh  potential,  and  the 
other,  the  coarse  wire,  furnishes  the  current  used,  usually  of 
low  potential. 

]llotor-C«eneratorfi,  SyMem  of  Eleetrie  Dittrlbu- 
tion  by (See  System  of  Electric  Distribution  by 

Motor-Ovneratortt.) 

IVcutrnI  Relay  Armature. — A  tenn  applied  in  contra- 
distinction to  a  polarized  relay  armature,  in  which  the  relay 
armature,  consisting  of  a  piec  e  of  soft  iron  wire,  closes  a  local 
ciivuit  whenever  its  electro-magnet  receives  an  impulse  over 
the  main  line.    (See  Polarized  Armature,) 

Keiitral  Wire. — The  middle  wire  of  a  three- wire  system 
of  electric  distribution. 

IVIght  Bell. — In  a  telephone  exchange,  a  bell  switched 
into  connection  with  the  shunted  circuit  of  an  annunciator 


I 


1(1   provided  for   caH'mg   the   nlUntion   at   tlie  niglit 
operator  by  \te  constaat  ringing  to  the  Tailing  at  n  drop. 

Oullel. — Id  a  system  ot  incandescent  lamp  distribution  the 
point  of  attachment  for  a  socket  in  a,  fixture. 

OvcrbcRd  Line.— A  term  applied  to  U^legruph,  tele- 
phone, and  electric  light  or  power  lines  that  run  overhead,  in 
contradistinction  to  similar  lines  placed  underground. 

Pbnntom  Wires. — A  term  applied  to  the  additioaal  cir- 
cuit* or  wires  obtained  in  any  single  wire  or  conductor  by  the 
use  of  Home  multiplex  telegraphic  system.  (See  Telegraphy. 
Multiplex.    Synchronous  Multiplex  System  of  Telegraphy.) 

monoplcx  Telegraphy.— A  system  of  telegraphic 
transtnisaion  in  which  pulsatory  currents,  superposed  on  tlie 
ordinary  Morse  currenls,  actuate  a  modified  telephonic  re- 
ceiver, and  thus  perruit  the  simultaneous  transmission  of 
Mventl  soparat«  messages  over  a  single  wire  without  inter- 
ference. 

Plaljrmeler.— An  instrument  invente<l  by  Sir  William 
Thomson  tor  comparing  the  capacities  of  two  condensers. 

1*1  Ugl— Metallic  connections  in  the  shape  of  plugs  tor 
making  or  breaking  cu'cuits  by  placing  th«ni  in,  or  removing 
them  from,  metallic  sockets  connected  with  the  circuits  to  be 
niiule  or  broken. 

PI  lining.— Completing  a  circuit  by  means  of  plugs. 

Recalesrenee. — The  pro|u.*rty,  Hrst  pointed  out  by  Bar- 
rett, pOHSesMed  by  steel  when  cooling  alter  being  heati^d  to  in- 
candescence, of  again  becoming  inconilcsc^nt  after  a  certain 
degree  ot  cooling  has  been  eRucted. 

A  steel  wire  heated  at  the  middle  or  near  one  end  to  a 
bright  red,  and  allowed  to  cool  in  a  dim  light,  will  b«  ob- 
served to  cool  imtil  a  low  red  heat  Is  readied,  when  11  will  b« 
observi-d  to  rehcut  at  some  point  in  Ihe  originally  healed  por- 
tion.    This  re-lieating  Is  monifcaled  by  a  brighter  rnd  spot 
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which  moves  along  the  portion  originally  heated.  This  reheat- 
ing is  called  recalesiTPnce,  and  is  due  to  latent  beat  (poientisl 
oiioi>;ry)  which,  disappearing  when  the  bar  was  heated,  sgain 
bfHX)mes  sensible  (kinetic  energy)  on  cooling. 

Tlic  temperature  at  which  recalescence  takes  place  is 
sensibly  the  temperature  at  which  heated  steel  regains  its 
niognctizability. 

Relay  Amatare,  NeoUral (See  Neutral  Rela$ 

Armature,) 

Mrvlee    Condactor,    Home (See    House 

Service  Conductor.) 

Service,  Street (JSee  Street  Service.) 

SInirle  Curb  Signaling.— (See  Curb  Signaling,  Single 
Curb.) 

Sleeve  Joint. — A  method  of  joining  conducting  wires  by 
ptLSHing  tliein  through  tubes  and  then  twisting  and  soldering. 

Staekling  a  Wire. — Placing  an  insulator  between  the 
two  ends  of  a  out  wire. 

Standard  or  main  Feeder. — The  main  feeder  to  which 
tlio  standard  pi^essure  indicator  is  connecteil,  and  whose  pres- 
sure controls  the  pressure  at  the  ends  of  all  the  other  feeders. 

The  term  pressure  in  the  above  definition  is  used  in  the 
sense  of  electro-motive  force  or  difference  of  potential. 

Street  Mains. — In  a  system  of  incandescent  lamp  distri- 
bution the  conductors  through  which  the  current  is  distri- 
buted from  tlie  feeder  ends,  through  cut-outs,  to  the  district  to 
be  lighted,  and  from  which  sei'vice  wires  are  taken. 

Street  Ser%'lee.— In  a  system  of  incandescent  lamp  distri- 
bution that  poilion  of  the  circuit  which  is  included  between 
the  main  and  the  service  cut-out. 

Swlteh,    Break    Doivn (See    Break    Down 

Switch.) 


Ujttem  of  Allornale  CurrcDl  DUIrlbulloii  b) 
Ht'HiiB  or  Condenaen.— A  8yKt«iii  of  alternate  current 
diHlribuUon  in  which  comlensera  arc  einpluyeil  1o  tmiigfunii 
!nt  chnr^^cs  of  high  |i(it«ntinl  received  from  aa  iilt^mat- 
lag  (Turrent  dynamo,  to  charges  of  low  potL>Dti<vl  whinJi  nre 
fed  to  the  lamps  or  oilier  elei-tro-rL-ceptive  devices. 

In  the  sytitem  of  McElroy  the  coaversion  from  high  to  low 
potential  is  obliiineil  by  making  the  plati!s  of  the  condensvi'K 
cliiirgcd  by  the  dyiiiimo,  or  primary  plales,  smaliur  Ihun  Iho 
Bmsoadiuy  phttes,  the  rutio  ot  the  area  of  the  primary  plates 
to  tliat  of  the  Bocondary  plates  being  made  in  accordance  willi 
Utc  rDtio  of  conversion  desired. 

SjMem  orcoitinuoni  <:itm;nt  DUirtbuilon  bj- 

Iv'ina  ofCnndeniors. — A  system  ot  distribution  dcviwHl 
by  Dunbmva  in  wliieh  a  contiuuDUs  current  is  cumliii-'lt^d  to 
ctsrtuin  poinls  in  llie  line  where  aUcvice  culled  a  "diHJuoolur" 
te  employed  to  reverse  it  pcriodii^ly  and  thi<  revriwd 
cnrrents  xo  ohtnined  dli-ectly  used  to  I'harge  condenaem  In  th« 
circuit  of  which  induction  ooIIh  aro  placed. 

The  condense rs  are  iised  to  feed  incandescent  lamps  orotlu-r 
riectro-receptive  devicea. 

SfBlen  orElcctrfcnl  DIMribuiioa  by  Cvrnmutn- 
llncTrailarumM-rB.—A  syetem  of  Hectriciil  dii>tril<utii>n 
in  whiiii  motor-grimerntors  are  used,  butndthertht'armntni'u 
nor  Ui«  Held  nta^ets  are  revolved,  a  special  roniniutator 
being  employed   to   cliangu   the    polarity   ot   the    magn<-l1i' 

ByKlem  of  Electric  UUIribullon  by  IHolor- 
Cacnerniora.— A  system  of  elei;tt'ic  dixtrlhution  in  which  u 
conttnnoufl  current  o(  high  potential,  di»lriljul<id  over  n  main 
Una,  i«  employed  at  the  iMjints  wbt-re  its  electric  energy  in  to 
Im  utilised  for  driving  amotor.  which  in  turn  drlviwadynataa, 
Ihe  citncnt  of  wbicJi  i»  used  to  enargize  the  electro-roc^itive 


18 


In  another  ftystem  of  motor-genenton  the  motor  and 
dynamo  are  combined  in  one  machine  with  a  douUe  wound 
armature,  the  fine  wire  coils  in  which  receives  the  high 
potential  driving  current  and  the  coarse  wire  coils  furnish  the 
low  potential  current  used  in  the  distribution  circuits. 

Sjrateai  of  Mnaltaneoas  Telegmpkjr  aad  Tele- 
phony OTer  a  Mngle  Wire.— A  system  for  the  simul- 
taneous transmission  of  telegraphic  and  telephonic  messages 
over  a  single  wire. 

These  systems  are  based,  in  general,  on  the  fact  that  a 
gradual  make  and  break  in  a  telephone  circuit  fails  to  appreci- 
ably affect  a  telephone  diaphragm.  By  the  use  of  graduaton 
the  makes  and  breaks  required  for  the  transmission  of  the  tele- 
graphic dispatch  are  effected  so  gradually  that  they  fail  to 
appreciably  influence  the  telephone  diaphragm  and  thus  per- 
mit HimultaneouH  telegraphic  and  telephonic  transmission  over 
a  single  wire.    (See  Oraduators.) 

Tailings. — False  markings  received  in  systems  of  auto- 
matic telegraphy,  due  to  retardation. 

Telegraphy,    Contraplex (See    Contraplex 

Telegraphy,) 

Telegraphy,     Phonoplex —(See     Phonoplex 

Telegraphy,) 

Thermo  Call,  Eleetrle (See  Electric  Thermo 

Call) 

Thermolysis.— A  term  applied  to  the  chemical  decom- 
position of  a  Kubstance  by  heat. 

Thermolysis,  or  dissociation,  is  an  effect  produced  by  the 
action  of  heat  somewhat  similiar  to  the  effect  of  electrolysis, 
or  chemical  decomposition  produced  by  the  passage  of  an 
electric  current.  When  a  chemical  substance  is  heated,  the 
vibration  of  its  molecules  is  attended  by  an  inter-atoinic 
vibration  of  its  constituent  atoms  so  that  a  decomposition 
ensues.    If  the  tciii])erature  is  not  excessive  these  liberated 


ArVSKMX.  tS 

[■atoms  raoonibine  wilh  olbers  whicli  lb«T  meet,  but  nt  bi);bi'r 

b  temp^ralufva  such  recombination  is  impossitile  aud  &  yx-rukti- 

K  sent  ilei'oiupoBitiOD  ensues,  called  Ihermolj'sis  or  dissociation. 

—The  stress  on  a  shaft  due  to  eleptro-nwiKllrlic 

action,  that  is.  the  turning  effort  exerted  b.v  tlit'  (u-ii)Atun>  of 

»  motor,   for  instance,  under  the  influeuce  of  the  eurrunl. 

The  tortae  is  usually:  measured  in  pounds  of  pult  At  tliv  [>nd 

ot  ft  rMlltia  or  ani)  1  fool  in  length. 

iIhb. — In  a  system  ot  telephonic  communirktion 
I  A  devicv  for  avoiding  the  bad  effects  of  induction  by  al1«r> 
Inately  croflsing  "Hjuul  consecutive  sections  of  the  Udp.  (B** 
»-Conneetwn,  Telephonic.) 

^  Tr«>llcy  System,  Double Iter  Elortrlr  Rnll- 

«d»,— (See  Double  TniHey  Syttem  of  Klfetrif  /Aii7r<Hiili. 

^  Trunk  Uues.— In  a  sj-st^m  of  telephonic  L'ommiiiil><n- 

Ptiun  linrs  connecting  distant  stationH  unJ  iiru>d  \ty  niiimilicr 

[ .  of  sulmcrilwrs  at  each  end  for  piirposce  of  inlcixxininiunhvttbui, 

Trunklnji  Swilcbboard.— A  switchbuuni  In  which  it 

few  BulscTriben  only  are  connei'tpd  with  Iho  opf>ni1oi',  llitia 

OBsbling   him   to   obtain  any  other  Bubacrlhor   by  mi>»ni  «>( 

trunk  wires  extending  to  the  other  sectionx, 

IIhIU  and  Term*,  PropoNvd  Nrw — Thv  M- 

■fcwing  units  and  terms  have  recenlly  licrn  jiroiMimmlbyOllwr 
I  H«ftvi§ide,  but  liave  not  t>een  ^nemlly  lun-i-tilisl  or  iiilii|ilril. 
aSbese  definltionn  are  given  in  Mr.  Hi^avinldf's  luiiiiuaifc. 
"C'l'Kdueianee. — Capninty  tor  condiii-tinjt  oleotrlrlty, 
"NluntiFirally,  th«  ratio,  in  abaolutr  niniuiur«,  of  tlin  rurri-nl 
NDgthto  tiie  total  electro-mottvo  tortv  In  a  circuit  ol  uni- 
H^brm  flow.    A  quantity  with  t)ie  nature  of  a  slownew  or  ■'■<• 
■iriproCKl  to  a  velocity.     Tho  practical  unit  Is  called  the  nilio" 
"OmffMcfJvtfV. —Conductance  per  unit  volume." 

UHtcr^—Capccily  of  a  dio)<!Ctric  tor  opposing  eleciclc 
iiipl>u»'mcnt. 
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"Numerically,  the  ratio,  in  absolute  measure,  of  the  differ* 
ence  of  potential  in  an  electrostatic  circuit  to  the  total  charge 
or  displacement  therein  produced.  The  reciprocal  of  per- 
mittance and  a  quantity  of  the  inverse  nature  of  a  length." 

"£7a«f  irif  jf.— Elaatance  per  unit  volume  of  dielectric." 

'* Impedance, — Capacity  for  opposing  the  variable  flow  of 
eletilricitv. 

**  Numorically,  in  the  absolute  measure,  the  ratio  of  the  total 
elect ro-niotivc  force  to  the  current  strength  at  any  instant  in 
a  circuit  of  variable  flow.  A  quantity  with  the  nature  of  a 
velocity  and  in  any  circuit  always  greater  than  the  resistance.** 

"Inductance. — Capacity  for  magnetic  induction. 

**  Niiniorically,  in  absolute  measure,  the  number  of  unit  linos 
of  mjignotif  foroo  liukod  witji  a  circuit  traversed  by  tlie  unit 
curitmt  strength.  Sometimes  alluded  to  as  the  coefficient  of 
self  induction.    A  quantity  of  the  nature  of  a  length.*' 

**Induvtivity. — Specific  capacity  for  magnetic  induction. 
**  The  numerical  nitio  of  the  induction  in  a  medium  to  the 
induction  producing  it." 

** Permittance. — Elocti'ostatic  capacity.  Capacity  of  a  dielec- 
tric for  assisting  charge  or  displac*ement. 

**  Numerically,  the  ratio,  in  absolute  measure,  of  the  total 
charge  or  dis])lacemcnl  in  an  electrostatic  circuit,  to  the  dif- 
ferenc^e  of  potential  producing  it.  A  quantity  with  the  nature 
of  tt  length."  . 

**Pvrmittivity. — The  numerical  ratio  of  the  permittance  of 
a  dielectric  to  that  of  air. 
•*Also  known  as  speciflc  inductive  capacity." 

'*IieIucta7ice. — Capacity  for  opposing  magnetic  induction. 

••Numerically,  the  ratio,  in  absolute  measure,  of  the  magneto- 
motive force  in  a  magnetic  circuit  to  the  total  induction  tlierein 
produced.  A  quantity  with  the  nature  of  the  reciprocal  of  a 
lengU).    Sometimes  described  as  magnetic  resistance.** 
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**Re2uctancy  or  Reluctivity.— ReludAnce  per  unit  volume. 

"Sometimes  described  as  speciflc  magnetic  resistance.  A 
numeric,  the  reciprocal  of  inductivity.'* 

"i?e«i«/ance.— Capacity  for  opposing  the  steady  flow  of 
electricity*. 

**  Numerically,  in  absolute  measure,  the  ratio  of  the  total 
electro-motive  force  to  the  current  strength  in  a  circuit  of 
uniform  tlow.  A  quantity  with  the  nature  of  a  velocity.  The 
practical  unit  is  called  the  ohm.'* 

••i?c*tj<firi7y.— Resistance  per  unit  volume  ;  sometimes 
alluded  to  as  si)eci(lc  resistance." 

Wire,  Neutral (See  Neutral  Wire,) 

WIret,  Phantom —{See  Phantom  Wires,) 
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In  Renewing  their  Subeorlptlene. 


Vavr  paper  improves  with  each  ume. 

R.  A.  BADGER,  Roekester.  A*.  }'. 

Splendid  paper ;  ire  are  teeU  pleased, 
TELEPHONE  EXCHANOE,  Braitlebaro,  17. 

A  gilt-edged  periodical  in  every  reepecL 

WM.  X,  WEEDEX  Xew  Bedford,  Maw 

Hike  (he  paper  i*erg  much,  your  reporU  are  eo 
full  and  illustrations  so  good. 

SYDXEV  F,  WALKER.  Cardiff,  Wales, 

Wf  would,  under  wo  ronsideration,  do  without 
THE  ELECTRICAL   WORLD. 

ALLES  d-  UOFF.  Albany,  Oregon, 

Congratulating  you  upon  the  evidently  increased 
prosperity  of  your  handsome  journal. 

GRACE  &  CO.,  Valparaiso,  Chili. 

It  icould  be  utterly  impossible  for  fne  to  get  along 
without  the  htlp  of  THE  ELECTRICAL  WORLD, 

A,  R.  BLLSS,  Sackville,  X.  B, 

We  regard  THE  WORLD  as  an  indispen.  a' le 
article  in  the  successful  management  of  our  plant, 

J.  R.  COOK,  Eaton,  Ohio. 

THE  ELECTRICAL  WORLD  is  a  very  ad- 
mirable paper,  the  best  of  its  class,  and  I  frequently 
recommend  it,        A.  II.  LAIDLAW,  M.D.,  N,  y, 

T7te  most  valuable  electrical  journal  published  to 
the  electrical  engitieer  atid  machinist,  and,  owing  to 
the  absence  of  difficult  technical  terms,  tt  is  extremely 
comprehensive  to  the  general  reader. 

H,  C,  PRIMROSE.  Carroll,  Baltimore,  Md, 
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!,  Ohio. 

I  don't  know  any  othrr  piMiealion  that  eomm 
atiuwhert  near  filling  H»  place. 

HENRY  C.  HYDE.  San  FraneiMo,  Cat. 
One  cannot  ftfford  lii  lo»e  a  «ingU  umt,  and  J 
k-ibIi  ymi  li>  are  Ida  not.    Many  single  mum  an  vorfh 
Ikt  year's  gvbaeriplion. 

E.  .s'.  ENYART.  Ollami.  111. 
I  hnif  fmmil  your  raluable  paper  a  gnat  help  lo 
me  ffer  since  J  began  lo  swbacribt,  four  years  ago. 
and  I  eituld  not  now  get  on  without  it. 

ARTHVH  n.  SUA  W.  Birmingham.  England. 

I  inrlose  my  ehetkfor  tO.OO  tvhirh  ifUl  coiUinut 

my  mhsrriplion  until  tome  lime  next  gummer,     J 

prite  TUB  ELECTRICAL   WORLD  tfrv  highly. 

MOSES  a.  FARMER.  Eliot.  J/>, 

/  do  not  vish  to  min*  any  numbrrt.     The  ptut 

niumes  form  n  much  priced  portion  of  my  library. 

J.  W.  LATTia.  Bethlehem,  Pa. 

Certainly  affords  the  mati  generous  three  dollars' 

ttorlh  1  know  of  in  the  shape  uf  lethnirul  lilerature. 

W.  F.  BURDITT.  Si.  John.  JV.  D. 

Life  and  iimrk  in  foreign  tmmtries  for  a.n  ehe. 
Irieal  engineer  imuld  be  inlolerablr  without  your 
voiiudil* iMipur.     BYRON  T.  BURT.  Turin.  Ilalg. 

Wt  of  this  rompang  lake  all  the  best  tlrflriml 
papers,  and  ejxhange  wilh  riirh  other,  so  that  we  get 
alt  tht  news.  With  one  loict  your  paper  u  pro- 
notinced  by  all  the  best,  ami  in  fact  Iht  one  journal 
of  all  others  that  we  would  m  iss  if  deprived  of.  If 
OUT  e-rrhange  wvrt,  lo  he  broken,  all  of  u»  itoald  take 
THE  ELECTRICAL   'koSLD.  and  Ihid  only. 
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Shojia  DC  Read  by  a'!  Interested  in 

ELECTRICAL    MATTERS. 


THK  (JRKAT  NIMKKK  oK  GIGANTIC 
ELECTRICAL  ENTERPRISES,  in  operation  or 
projected,  pres^'rit  h  wide  and  promising  field  for 
tho  ambit i«)u>.  NOT  ONLY  every  Electrician,  but 
EVERY  INTELLIGENT  AMERICAN.  shoiUd 
read   TIIK    KLE(TRICAL   NVORLD  n^nilarly. 

ifform*'i  nf'  "Ti,   -I'tif  of'  im/ntrf'tn''^,  KVFRV  SEW  P/S- 

lOVFR  )'.  IS  vt: Sims,  a pplica  tios  asd  theor  y 

in  j/Ai'A  KU^'trintij  j4'nj*  -i  jmrf.  So ouf  who  ilt^iir^s  to  kf»^p 
nhrfn*t  of  tk''  Uitu'l'rful  nrtirity  in  Ehctriral  discorert/  arui 
inft'nfin}!  that  <'hanht'>rizei(our  ,>m^  /m»j  <xJfor'i  tn  hf  without  if. 

3AXPLI  :0PII3  XAXLZO  FSSZ  3K  APPLXCATIOH. 

THE  ELF*  mil  A  I,  no/!  LI)  mny  f»^  or'Ur^d  rrgulaHy  of 
ant/  Setrnfffal*r  in  ftt*  f.  s  *»/  ('ntnida,  nt  an  expense  of  10  reiUB 
a  'reek  ;  or  rt'ntit  $8  /or  a  year's  subscription  to  the  fmhlishers, 

THE  W.  J.  JOHNSTON  CO.,  Ld.. 
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Electrical  Books. 


Any  Electrical  Book  publishel  will 
be  promptly  mailed  to  ANY  AD- 
DRESS in  the  world,  POSTAGE 
PREPAID,  on  receipt  of  the  price. 

There  is  no  work  relating  directly 
or  indirectly  to  Electricity  that  we 
do  not  either  publish  or  sell,  and  we 
keep  ourselves  at  all  timesthorough- 
ly  conversant  with  the  contents  of 
every  work  issued  on  the  subject  at 
home  or  abroad. 

If  you  wish  to  know  the  latest  and 
best  work  or  works  on  the  princi- 
ples and  theory  of  Electricity,  or 
relating  to  any  particular  application 
of  Electricity,  we  shall  be  pleased 
to  promptly  furnish  you  the  informa- 
tion, personally  or  by  tetter,  free  of 
charge.  If  you  live  in  or  near  New 
Vork,  and  would  like  to  examine 
any  electrical  books  you  are  cor- 
dially invited  to  visit  this  office  and 
look  them  over  at  your  leisure,  and 
we  shall  be  glad  to  assist  you  in  any 
way  we  can. 

THB  W.  J.  mimt  COIMKT,  Id., 

>6t-it7  Tlmrn  nuiidiRK.     Mi'.m   «*4imk. 


THE  ELECTRIC  NOTDR 


AND  ITS  APPUGATIOIIS. 


ISbcomd  BDmoif.] 

—  BT— 

THOMAS   COMMERFORD   MARTIN 
AND  JOSEPH  WETZLER, 

EtfMan  of  TBS  KLBCTBICAL  WORLD,  Members  of  the 
AmerloMi  IiMtttaleof  Slectrloal  BnsliMen 


V   J         S16   IllMtniUoM.      PRICB,        V   J 
iBtl  PMtar«  prapAld  to  mmy  AmM 


This  timely  work  is  the  first  American  Book  on 
Electric  Motors,  and  the  only  book  in  any  lan- 
guage dealing  exclusively  and  fully  with  the 
mottern  Electric  Motor  in  all  its  various  practical 
applications.  The  book  is  a  handsome  quarto, 
the  page  being  of  the  same  size  as  Dreilge's  large 
work  on  *•  Electric  Illumination/'  and  many  of 
the  cuts  are  fuU-nage. 

In  the  Second  Euition 

FOUB  NEW  CHAPTEES 

have  been  added,  discussing,  with  numerous 
handsome  illustrations,  Ijatest  American  and 
European  Motors,  Alternating  Current  Motors, 
and  tne  Pyro-Magnetic  Motor. 

No  effort  has  been  spared  to  make  the  boi>k  complete 
to  date,  and  It  will  prove  Invaluable  to  every  one  inter- 
ested In  the  profrreKH  and  development  of  the  Electric 
Motor  or  the  Electrical  Transminsion  of  Energy. 


rvwi«  of  thf  above  book  uill  be  tent  by  mali.  POST  A  GE 
PRKPAiD^  to  any  addrtu  in  the  woHd.  on  receipt  of  price. 
AddreM, 

THE  W.  J.  JOHNSTON  CO.,  Ld., 

167-177  TimM  Bnilding,  Vew  Tork. 
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ELEBIENXS    OF 

STATIC   ELECTRICITY, 


Bj    PHIUP    ATKINSON,    A.M.,    Ph.D. 

Clolh.  \2mo:  ass  Pnyt;  (M  Illmlmtinnii. 

:e^p=lioe,      -      si.so. 

tMST.lUK  tc«iiTpMnurtln'»-..rlill'Rri'AIU. 

The  aullior  o(  this  treatise  has  maile  n  special  sti.dj 
of  Static  Eleolrivilr.  and  \a  an  acknowledged  nm.'^tcr 
o(  tho  subject.  Tlie  book  embodies  the  result  ot 
much  nriginsl  inrestigation  and  eiperimetit,  which 
Ur.  Atkiiixon'a  long  experience  as  a  teacher  enables 
him  tu  ilt-Mnbe  in  clear  and  interesting  language, 
diivuid  at  l«chDioalititi8. 

The  priociplei  ot  electricitjr  are  presented  imlnun- 
niclpd,  »f  lar  as  |H»»ble,  by  mathemuticnl  formubc, 
Ro  a*  1(1  iDF«t  iIm  rfjuintuems  of  a  lurge  qIobs  who 
haTD  Bot  lb«  tltDf  or  opportuuity  to  master  the  in- 
Irivweiei  ot  fcmvnUE,  vhich  are  usitally  so  iwrplexing 
to  all  but  cxfvTt  tnalhcniaiiciuns. 

The  Tie**  npreswf]  in  ihe  book  are  the  recall  of 
inanj'  yMtr»'  experience  in  the  class  mom,  th«  l«c*jira 
tooiii  auil  the  laboratory,  and  were  »iiiMm\  mklr 
a[i«r  Iht)  most  rigid  test  of  aulual  aiul  ofUrvi^aia^ 
expeiiincnt  by  the  autlior. 

OMh  uT  litalian  I—A  teitl  btin.!  h^  matl.  laimtv*4rM 
IB    llu   imNrf,  f'OlfTAOK   fBUfAlIi   ""    "^f  "/  »-"• 
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Capitalists,  projectors  of  companies,  and 
Others  desiring  Reports  on  Patents,  Inven- 
tions, etc.,  can  rely  upon  getting  thor- 
oughly competent  advice. 

Ol'K  I.IBRAKV  CONTAINS  THR 

Specification    and    Drawings  Com- 
plete of  Every  Electrical  Patent 
Granted  by  the  U.  S. 
Patent  Office. 
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